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lIoN.   CiiAKi.Ks  Sri;nAUT, 

/ Vi  *;( '(  r. 
I'rovinct'  of  AllnTta,  Canada. 


Dkar  Sir— 

1  beg  to  transmit  yoii  lu-i-ewitli  my  report  on  tlu'  Lt-tliliridfje 
Xortlicrn  Irri^ratioii  District,  in  which  1  have  ,  iKh-avoiind  to  prcsti.t 
and  consider  all  facts  hearins:  on  the  en^rineerintr.  tinancial,  and  admin- 
istrative problems  involved,  not  solely  as  applied  to  the  parficulai 
undertakini.',  but  as  related  to  the  determination  of  p-neral  policies 
Htreetiiif^  the  development  of  the  agricultural  resources  of  tii.-  I'rovincc 
of  Alberta. 

Yours  respectfully. 

<ii;()K(ii:  0.  Andkkson, 

('oiisiilliiiii  EnijiiKt r. 

Memhei .   KnRiiteerii       Institute  of  Canada. 
Memlier.   !      illnlioi  Civil  Kngineers. 

Memticr.    vmerii  idetv   of  Civil  Kngineers 

Edmonton.  Alberta, 
January  17,  l'J20. 
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r  EPORT 

ON  THE 

LETHBRIDGE  NORTHERN  IRRIGATION  DISTRICT 
ALBERTA.  CANADA 


Fit'ld  inspection  has  lict-n  u\i\i\i-  of  all  the  territory  oinbraeed  in 
the  district,  particular  attention  beitiir  paid  to  the  general  route  of 
the  main  canal  system,  which  was  followd  closely  throughout  nearly 
all  of  its  entire  length.  In  some  short  stretches,  where  access  to  the 
approximate  location  was  not  readily  ohfainable,  the  general  char- 
acter of  the  country  in  the  immediate  vicinity  was  closely  observed, 
and  altogether  the  inspection  afforded  a  thorough  knowledge  of  the 
conditions  to  be  encountered  in  canal  ccmstruction. 

The  irrigable  area  was  also  traversed  fully,  under  favourable 
weather  conditions,  and  all  elements  affecting  the  availability  and 
adaptability  of  the  district  to  irrigation  conditions,  as  character  of 
soil,  slope,  ami  uniformity  of  surface,  etc.,  were  duly  noted. 

Following  upon  that,  investigation  and  study  of  the  maps  and 
plans  of  the  system,  as  designed,  have  been  made  in  the  office  of  the 
Irrigation  Branch  of  the  Department  of  the  I:iterior,  at  Calgary, 
under  whose  charge  and  supervision  that  work  has  lieen  carried  out 
during  the  preceding  five  years. 

The  records  of  the  stream  discharge  of  the  Oldman  River,  also 
in  'harge  of  the  Irrigation  Branch,  have  been  carefully  studied,  and 
it  has  been  the  endeavour  to  consider  all  features,  affecting  the  general 
scope  of  the  enterprise,  thoroughly  and  in  detail. 

In  the  following  report  it  will  be  the  effort  to  present  all  the 
facts  bearing  upon  the  proposed  development  fully  and  thoroughly, 
in  such  detail  as  is  unavoidably  necessary,  in  order  that  the  final 
conclusions  on  this  important  and  far-reaching  undertaking  may 
clearly  present  themselves  for  consideration  and  determination. 

The  prime  essential  in  an  irrigation  enterprise  is  that  there  shall 
be  assurance,  at  all  times,  of  an  adequate  water  supply. 


The  canal  capacity  has  been  designt-d  for  a  niaxiniuni  irrijration 
requ.rement  of  one  second  foot  for  one  hundred  and    Z  ; "^    o 
and,  to  which  has  been  added  an  allowance  of  M  per  cent    for  al 
losses  HI  transportation.     On  97  Ml  acres  irri<r.,i,i„    ♦i,;  , , 

present  813  second  feet  for  irri/a'tioi  SI  If^pe'^c^nrof  thlt 

Old,     n  R  ■     ^.^^'^«»"'  capacity  below  the  siphon  crossing  of  the 
Oldnian  River  is  designed  for  1098  second  feet. 

i.  ..n"^?  ''•'•igHtion  factor  of  80  per  cent,  of  the  whole  irrigable  area 
IS  employed    in  actual  operation,  that  is  to  say,  it  is  conclmed  tha 
not  to  exceed  80  per  cent,  of  the  whole  irriu-ab  e  area  wil  „  W 

That  a.ssunipt ion  is  fairly  warranted;   but,   for  the   inimediHte 
purpose  of  testing  the  adequacy  of  the  waier  supply      le  cons  ^?1 

fm^a^e  ar^i""'  "^^^  ""  ^^"^"*''^"  ^'^'"-"^  "^  !So  pe  '  cent'of  The" 

That  total  irrigation  demand  is  represented  by  a  net  dutv  of 
water  aggregating  one  and  one-half  acre  feet  per  acre  per    elson 
hat  is^to  sa3-  that  the  irrigable  area  will  receive  water  e<nivalent  to 
18  inches  in  depth  throughout  the  season.  ^qunalent  to 

That  quantity  would  be  distributed  throughout  the  seasmi  in  rpl« 
Sow^:-    "^'"'''  """^  "'  ^"^  ^'™P'  -  ^'^  '»ounSrcrpeV"c£^t' 


May  1  to  June  10._.._  ,^f  „     P/;'"'' 

June  10  to  July  15  _      "  "  '/"/ ;*  '"ches  41  days 

July  15  to  August  20.  I"  I?       ,',       ^f    " 

August  20  to  September  30  -III--."IIIIi::i;  2  2       "       41    - 

18.0  ins.      153  days 

(See  page  26  on  Irrigation  Survevs  and   Inspections  191fi  17 
Department  of  the  Interior  of  Canada.)  "»''P*^i'ons  lJlb-17, 

That  vet  irrigation  supply  is  ample  for  crop  requirements. 
Just  what  it  implies  may  be  realized  by  brief  consideration  of  the 

3  ; ioi" iT'<.d  ;5:r''^*'*'''   ""'  '^""'"^  ^-^-'^^  underrfur 
conditions,  i.e.,     ^^r^,  larming,"  m  recent  years. 

ia2n;;:!;LXe:.ti;."""''  """•"'''■ "  •'■->•'--  ■".'".«3 

r.fyl^^A^  ^°'  ^  't  *''^  ^mplete  record  of  precipitation  observed  at 
Lethbndge  from  January,  '902.  to  December  28,  1919  shS.^  »„ 
average  annual  rainfall  of  : 5.61.3  inches  snowing  an 
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of  less  than  normal  precipitation,  is  shown  in  the  following:- 

TABLE  NO.  2 
Rainfall  during  the  cropping  season 

1904       1905       1909       1910       1917       1918        1919 
Mo«.  '"•  *"•  *n  in.  in.  in 

July    III        fff        ?«2        0.53         1.42        0.75        0.56 

August    119        i"^*        lif        00^         1-37        0.85        1.06 

September    _._     """"        052        osn        Al        If,        ^^        123        105 
v.i)£         0.80         0.49         2.01         0.72         1.07         2.04 

Total 7.33       I^       7^       7^       7^^       —       "- 

The  irrij?ation  allowance  of  18  inches,  applied  to  the  land  durin- 

t^izz'zro?'mPT'r^  *°  '^^  ""'^'^^  rainfd/ prLt;;.aiir- 

»s  great  as  that  ot  1916,  when  there  was  18.27  inches  rainf-.ll  f m, . 

6  r^T  l'Z!dfrvi'"'""^"  (^^•-"  '^«^>«  '''■  1  and  remark.' on  pag 
b.)   That  would  be  the  ca.se,  even  if  no  rainfall  occurred  durintr  the! 

rZLn'  "",,  Z*'*^  '^"''  "^  '^''  '''^'l'*'""  «f  irrigatiriow;  I  and 
rainfall  will  be  apparent  in  the  following  notes. 

dpnfh^'l  distribution  of  the  net  irrigation  allowance  of  IS  inches  in 
prSedinr"'         ""'  """'  '"  '""  ''"""'  '"^  ^''''''^'  «''  P«^^'  « 

4  4  iJehes  ort?07'^^n^  ^^T  ^'^''  \^  '^""''  ^^^  ^'^'^  »  ^«t«'  '>f 
inehe^To'p^rlfi-  'fo'^^o  (f"-.10/«  J^J^'  15)  gives  a  total  of  7 

j;.i^^^)n:l-aSi^;Si;;iSs^;;^^^^^^^ 

inch^:^s^af^^^i^tr^?^^^^T\S5^  f  r  ^r "' ^-^ 

Ju^^Mal  of  4.95  inLs,  and  leaw!^^!  ^E^i^ieS^S^^^^i 

a59  inches,  givnig  August  total  of  3.04  inches,  and  l^vi mATali 
of  September,  a  total  of  1.61  inches.  'eavin^  tor  all 

In  summarj- : — 

May Ins. 

June  ...      II  "  3.32 

July   I"  "Iliri ^OS 

August    ~^^.  *-^^ 

September    3.04 

1.61 

Total   

18.00 

.ho™t"f.w:  N„Trin°',S-°"  ""°"'°""  '°  '"«  '■""■'""  " 
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TABLE    No.    3. 


Months 


May 

June    

July 

August    _^^ 
September 

Totals  . 


Rainfall 

in. 
2  «« 
l.>0 
0.96 
1.19 
0.52 

7.33 


Irrigation 

m. 

3.32 
5.08 
4.9r> 
3.04 
161 

18.00 


Total 
water  supply 

in. 
6.18 
6.88 
5.91 
4.23 
2.13 

25.33 


there  would  be  a  total  water  supply  as  shown  in  the  followinjr  Table 
No.  4,  to  whieh  has  been  added,  for  eoniparison,  the  iiionthlv  niinfall, 
durinfj  the  eroppinfr  season,  in  litl6.  when  a  bumper  erop  was  seeured 
on  "dry"  laiul. 


TABLE 

SO. 

4 

Montlus 

li:iinf:ill 

I)!!!,^ 

liiijial 

oil  All 

iWilllCC 

liainfnll 
unly 

I904 

Id.") 

litOil 

1910 

1917 

KIIS 

1 '.•)<) 

litld 

111. 

III. 

III. 

III. 

III. 

III. 

III. 

ill. 

May 

.Iiine 

July 

...      ti.lw 

. . .      tl.8S 

.■>  'II 

4  45 

7.7ti 

2.41 

7.5!l 
.■).  70 

;>.  2.") 

2. 10 

4.11 

o.rti 

5.04 
4.11 

:i.t>2 

4.27 
t>.50 

H.:<2 

4.41 
2.3.! 

.i.lHI 

5.. S3 
5.  so 
4.27 

2.  (IS 

5.07 

5  m 

O.Ol 

i.oy 

S.fti 

3.77 
:!..".4 
:5  :!3 

A  UKUst 

4  ";{ 

SepteiiiU>r 

...      2.13 

4. till 

Totals 

...    25.33 

26.04    : 

.-).  '-)7 

22.4it 

2;i..s;{ 

22.-)8 

24.  ^ti 

IS.  27 

(See  also  Appendix) 

This  shows,  that  in  all  these  years  of  minimum  preeipitation,  the 
addition  of  the  irrigation  allowanee  gives  a  total  water  supply,  during 
the  cropping  season,  in  excess  of  that  of  1916.  And  the'monthlv 
totals  are  greater  throughout  except  in  September,  fn  the  first  thr»?e 
months  in  some  of  those  years,  the  total  water  supply  would  be  more 
than  twice  that  of  1!)16,  which  might  suggest  an  over  supply.  That 
could,  of  course,  be  avoided,  by  the  application  of  a  reduced  irriga- 
tion supply,  and  that  is  entirely  in  the  regulation  of  the  water  user. 

It  is  not  suggested  that  the  large  yields  in  1916  were  secured  from 
that  season's  rainfall  alone;  the  soil  condition  would,  naturally,  be 
affected  by  the  rainfall  of  preceding  periods.  Thus,  191.")  had  a  fair 
precipitation,  while  early  snows  in  the  fall  of  1914,  (lossibly  long 
retained,  may  also  have  had  a  contribtiting,  long-retained  effect. 

It  will  be  plain,  however,  that  the  addition  of  the  irrigation  allow- 
ance provided  for  will  place  the  eciuivalent  of  rainfall  upon  a  better 
basis,  if  only  because  it  would  be  a  regulated  and  controlled  basis, 
than  the  best  that  natural  conditions  have  afforded,  when  abundant 
crops  were  secured;  as  in  1915  and  1.116,  when,  according  to  the 
reports  of  the  Dominion  Experimental  Station  at  Lethbridge,  there 
was  a  yield  of  63  and  48  bushels  per  acre,  under  dry  farming  condi- 
tions. 

Adding  the  quantities  re<iuired  for  irrigation  sujiply  to  the 
canal  los.ses  sustained  in  transport,  the  canals  should  be  capable  of 


■Mi 


May  1  to  June  10  .  _  .., 

June  10  to  July  15     _     ""'  °°^  second  feet 

July  15  to  August  20  ^*'*'  second  feet 

August  20  to  September'36  oSS  "'^"nd  'eet 

(See  Table  No.'V  PagVlVf;-;  deUils  ,      """"'  """' 

o^nlur"'"^'  f"""  "  '""""'"*'  *"  **><^  allowance  of  34  per  cent    for 

iiiiisiiigi 

onhe  (_.  S.  K..,.Ia,nat.on  Serve,  „s  ....oted  on  pa,e  62,  and  Tghen 


Percentage  of  I.nsseii 
Umatilla     _    _  '"  Camils  &  laterals 

Truckee-Carsoii     III"  "_  32 

Orland    "  "  Jj;  41 

Klamath    II  23 

Tleton    r.     JT  *8 

Sunnyslde  _        _I  24 

27 

Average  loss  __       _.  — 

33 

'Sueli  },'eiieral   comparison  can   be  no  more  tlian    in,l ,»■>*;,.„      t 
conrse,  without  consideration  of  all  the  relard  fair  .    f  '  r^ 

«nce  is  placed  npon  the  thoron-h  studv  of  th .  1,     , '  *»"•?.  ™°''e  '•^'I'- 
ported  as  that  is  l,v  the  confir„°:^tlL!'of'L°u,ts:J:i;:."'''°"^'  "'^■ 

si,>hon  crossing  of  the  01dmaSivri:U'8"se:^ndTt?^4f,:      t 


Kenex  flume,  nearly  42  milJs  b^;,;;  (^  ^im^^^tel 

relatfon "lo'Jh  *'!'  """"'/^''^  "^'''^"'  discharge  of  the  Oldman  River  ir 
[ng  Table  No   5    '"'"''  "■"^''""  requiren.ents,  there  is  the  foUow 


TABLE  NO.  5 
Mean  monthly  dlschaj^e  Of  Oldman  River  in  cubic  feet  per  second. 


Yi'iirs 


j     April  . 
j  Sec.  ft. 


May 

S*v.   ft. 


Jinie 
i^'c.  ft. 


1910 

ii»n 

191L' 
lOl.'i 
1914 
li»I5 
]9lti 
J917 

1918  . 

1919  , 


1779 

2610 
157.3 
171S 

8.5;! 

1I«7 
12.).{ 


^.^■'•'•f't-'i'    '       1575 

Mu.xiiiiiiiii  , 


5921 

S.'{57 

,SMS 

3S15 

5220 

(1151 

4102 

S»W5 

»•«;« 

61.55 

:!«83 

11510 

tmi) 

870(i 

;5o;{7 

4467 

4a".5 

2716 

4(>39 


6170 


Irrijration  Xmla....i        u  .=;s.^t       (  o8o)t 

( 1089) 

t  ^^^°f^^  available  from  July  16  to  31  only. 
T  See    top   of  page   for   nertnita  ' 


July 
S«'c.  ft. 

73H* 
1971 
2999 
ISM 
1511 
:«11 
5229 
2822 
1147 

H92  : 

2410 

( 108»)t 

(  mi) 


.Aug. 
Sec.  ft. 

461 
2CX«0 
1214 
1I.58 
768 
1645 
1597 
87;( 
6«8 
461 


1092 

(6«6)t 
(292) 


St'pt. 
Sec.  ft. 

624 
40(«) 
7;{2 
765 
674 
948 
1369 
531 
551 
310 


1056 
292 


10 


It  is  immcdiati'ly  wpparciit.  of  eoiirso,  that  tho  avrrnijr.  stream 
discharjro  is  fully  adfiiuate  for  the  iiiaxim.ira  irrigation  nMniir  acnts 
and  that  the  di^sl•ha^^;(•  to  the  end  of  June,  in  any  year,  is  also  ample. 

In  July,  however,  the  mean  monthly  discharge  is  inadeiiimte  for 
the  irri'ration  re(|uirements  during  the  fir^f  half  of  the  month  in  two 
years,  11»1()  hiuI  1!)1;»,  and  eiosely  'ippro  iinates  it  in  another  year. 

That  freneral  condition  exist.-:  in  Aufjust,  in  the  same  years. 

In  September,  the  mean  uK.nthly  disehart?e  in  litlil,  :!1()  seeond 
feet,  ajrain  eiosely  approximates  the  irrij,'atioii  reciuiremi'iit  of  202 
second  feet. 

The  irri'ration  recpijrenieiits  considered  iire  on  the  liasis  of  tOO 
per  cent,  duty  to  the  entire  irrifraltle  area.  The  i)r().jcct,  as  out- 
lined, eontemi>lates  an  80  per  cent,  factor,  as  has  already  I n  stated, 

and,  on  that  basis,  the  stream  discharpe  would,  nen  in  August  1919, 
supply  the  needs,  with  a  slight  marfrin  in  excess.  And  the  water 
right  that  supplies  not  less  than  80  per  cent,  of  the  full  rec|uirement 
in  a  period  of  ten  years  would  be  consider-'d  a  first  class  right. 

Two  features  are  to  be  considered  in  this  [)articular  project, 
however,  first,  thac  the  ten-year  record  of  stream  discharge,  complete 
as  it  is,  may  not  cover  a  sufficiently  long  period  to  reveal  the  actual 
minimum  flow;  and  srcond,  that  such  a  season  of  extreme  minimum 
flow,  as  in  the  latter  half  of  July  and  all  of  August  and  September 
of  1919,  might  occur  at  the  commencement  of  the  irrigation  of  the 
district. 

It  is  unlikely  that  all  of  the  irrigal)le  area  would  be  under  cultiva- 
tion and  nuiking  <lenuuid  for  water  supply  in  the  first  vear  of  the 
operation  of  the  irrigation  system,  or  for  some  time  after  that,  though 
the  fact  the  area  is  now  settled  upon,  and  has  been  extensively  eid- 
tivated  previously,  will  create  a  heavier  early  demand  for  such  water 
supply  than  is  ordinarily  the  case  in  similar  irrigation  enterprises. 

On  the  other  hand,  the  canal  system  cannot  be  tuned  up  to  full 
eapacity  immediately  on  the  completion  of  construction.  Ai:v  natural 
assistance  tJiat  can  be  rendered  to  the  usual  operation  should  conse- 
quently, be  promptly  availed  r.f. 

These  ■  lerations  suggest   the  advisabilitv  of  develo|)ing  an 

available  res.  >    )ir,  at  Keho  Lake,  at  the  inception  of  the  enterprise, 
and  tliere  are  other  reasons  for  such  suggestion. 

It  will  be  noticed  that  only  during  tlie  second  period  of  the  irri- 
gation season,  from  June  10  to  July  15,  or  3.")  davs,  is  the  designed 
maximum  canal  capacity  of  1098  second  feet,  on  "the  upper  section 
fully  called  upon,  to  ihe  extent  of  Um  second  feet  (see  Table  o,  page 
10.)  In  the  remainder  of  the  season,  the  maximum  capacity  is  drawn 
upon  only  from  60  to  26  per  cent. 

_  That  may  imply  the  possibility  of  reduction  of  canal  capacity 
with  decreased  cost,  a  desirable  attainment  in  ..le  initial  stages  of 
the  enterprise. 
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Keho  Lake  m  situated  about  54  miles,  by  eanal  line,  from  the  in- 
take; and  from  it  84,255  acres,  or  86.4  per  cent  of  the  entire  irriirable 
area,  can  be  served.  Its  capacity  of  41,000  acre  feet,  less  evaporation 
loss,  would  supply  about  23  per  cent,  of  the  total  irrigation  rciuire- 
inents  of  the  irrigable  area  below  it,  with  canal  losses  added,  and  about 
28  per  cent  on  80  per  cent,  irrigation  factor,  if,  for  any  reason,  no 
water  supply  was  available  from  any  other  source.  If  any  accident 
should  occur  to  the  main  canal  above  it,  for  42  miles  of  which,  to 
Kenex  tlume,  there  is,  under  the  present  scheme  of  the  project  no 
irrigable  area  making  demand  for  water  supply,  the  reservoir  capacity 
would  maintani  a  supply  to  86.4  per  cent,  of  the  irrigable  area  with 
practically  total  irrigation  recpiirements  including  canal  losses  in 
any  one  of  the  irrigation  periods,  except  the  second  period,  from 
Juno  T)  to  July  lo,  wh<-n  it  would  supply  60  per  cent,  of  the  total 
requavinent. 

The  reservoir  covers  a  large  surface  area,  about  3,690  acres  at 
high  water  mark,  and  it  is  comparatively  shallow,  and  would  conse- 
quently sustain  relatively  heavy  loss  from  evaporation  and  absorp- 
tion. ^\lth  that  defect  duly  allowed  for,  however,  in  the  foregoing 
remarks,  its  capacity  of  41,000  acre  feet  is  a  distinct  a.sset  as  an 
adjunct  to  the  canal  system.  From  its  location,  in  relation  to  canal 
length  and  the  greater  extent  of  the  irrigabl,.  area,  it  has  the  effect 
of  bringing  the  Oldman  River  from  the  canal  intake  and  placing  it 
in  the  immediate  vicinity  of  the  lands  to  be  irrigated. 

^  Its  advantage  may  be  earliest  and  best  realized,  however,  in  re- 
ouciiig  the  necessary  maximum  capacity  of  thy  long  reach  of  42  miles 
of  main  canal  at  the  initial  stages  ?  the  enterprise.  In  such  combina- 
tion, the  reservoir  should  be  operated  as  part  of  the  canal  svstem  and 
not  wholly  as  a  reserve  supply,  as  is  ordinary  practice  with  .storage 
reservoirs.  ^ 

It  would  then  be  possible  to  reduce  the  maximum  canal  capacity 
trom  the  intake  to  Kenex  flume,  oracticallv  42  miles  from  1098 
second  feet  maximum,  reducing  to  1,017  second  feet,  to  800  second  feet 
throughout. 

In  order  to  appreciate  the  full  result  of  the  combination,  the  follow- 
ing schedule  is  submitted  as  the  operation  in  a  year  of  average  stream 
discharge,  witli  the  entire  irrigable  area  making'  100  per  cent  demand 
m  each  irrigation  p-  :.,a  and  full  canal  losses  added. 

TABLE  NO.  6.» 

Schdule  of  operation  of  canal  of  800  second   feet  caoacitv  at  Kphn 
Reservoir  of  41,000  acre  feet  capacity.  capacity  at  Keho 

First  period.  May  1  to  June  10. 

4.4    inches   needed    -        -        - 
97531  acrcH  by  .367 
add  canal  loss  34% 


.367  feet  in  41   days 
35793.88  acre  feet 
12169.91  acre  feet 


Total   requirement         -        -        = 

Capacity   800   second   feet   in   41 
days    would    furnish      - 

Leaving  -        -        .        . 

*  See  Appendix  for  additional  notes. 


47963.79  acre  feet 

=    1169.85  acre  feet  per  day 
=      584.92  second  feet  per  day 

65600.00  acre  feet 


17636.21  acre  feet  available  for  stor- 
age in  the  reservoir. 
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Second  p. 


June  10  to  July  15. 


7.0  inches  needed 
87631  acreM  by  .583  - 
add  canal  loss,  34% 

Total   requirement 


Canal   capacity   800   second   feet 
In  35  days  would  furnish     - 


.583  feet  In  35  days 
.^6861.57  acre  feet 
19332.93  acre  feet 


76194.50  acre  feet 

=     2177  acre  feet  per  day 
=     1088.5  Hecond  ft.  per  day 

56000.00  acre  feet 


Leaving 


Third  period,  July  15  to  August  20. 

4.4  Inches  required  - 
97R31  acres  by  .387 
add  canal   loss,  34% 

Total    re(iuirement 


20194.50  acre  feet  to  be  drawn  from 
the  reservoir. 


.367  feet  in  36  days. 
35793.88  acre  feet 
12169.91  acre  feet 


47963.79  acre  feet 

=     1332.33  acre  feet  per  day 
=       666.16  second  ft.  per  day 

9636.21  acre  feet  available  for  stor- 
age. 
Fourth  period,  August  20  to  September  30. 


Canal    capacity    800    second    feet 
In  36  days  would  furnish     - 


.183  feet  in  41  days. 
17896.94  acre  feet 
6084.95  acre  feet 


23981.89  acre  feet 

=     584.93  acre  feet  per  day 
=     292.46  second  ft.  per  day 

65600.00  acre  feet 


2.2  inches  required 
97531  acres  by  .183     - 

Total    requirement 

Canal    capacity   800    second   feet 
in  41  days  would  furnish 

eav  ng      -        .        .        .        .  41618.11  acre  feet  available  for  .stor- 

age. 
(See  tabulation  of  Canal  Capacities,  in  periods,  page  10.) 

It  ha.s  been  shown  previously,  however,  tliat  the  minimum  stivam 
discharge,  in  some  years,  is  inadequate  to  supply  the  irrigation  re- 
quirement in  the  second  period  from  July  15  to  August  2C  and  closelv 
approximates  tlie  requirements  in  the  third  period. 

plyi..g  tile  nunimum  stream  discharge  during  these  periods 
the  i    d  test,  there  would  be  the  following  results:— 


TABLE  NO.  7. 
Alternative  based  on  minimum  Stream  discharge. 
Third  period,  July  15  to  August  20. 


4.4  inches  required    - 
97531  acres  by  .367 
add  canal  loss,  34% 

Total  requirement 


Stream  discharge  in  1919,  584 
second  feet  in  36  days,  would 
furnish  -        -        .        . 


Leaving 


=     .367  feet  in  36  days. 
=     35793.88  acre  feet 
=     12169.91  acre  feet 


47963.79  acre  feet 

=     1332.33  acre  feet  per  day 
=       666.16  second  ft.  per  day 

42048.00  acre  feet 


=      5915.79  acre  feet  to  be  drawn  from 
storage. 
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Fourth  period,  AuRUMt  20  to  Septetiiber  30. 

97MrulTeHTv"'[.?    -        -        -        -     .m  feet  in  41  day., 
add  ranalTo«8  34-     "        "        '        =     17898.94  acre  feet 
aaa  ranal  loss,  34%    -        -        .        =      6084.95  acre  feet 


Total  requirement 


Stream  ditKharge  in  1919,  320.6 
Het:ond  feet,  in  41  dayn,  would 
furnish  -        -        -        . 

Leaving      -        -        -        .        . 


=     23981.89  acre  feet 

=     684.93  acre  ft.  per  day 
=     292.46  Hecond  ft.  per  day 

26289.20  acr>  feet 

2307.31  acre  feit  available  for  stor- 
age. 

In  yctrs  of  avorat'c  .stream  .lisdmrt'o,  tl.o  irs.Tvoir  would  In-  filled 
at  th..  ,.nd  (,t  S,.pt,Mnl).T,  from  the  cm.al  and  reservoir  ..peration  of 
the  season,  as  has  l.eet.  shown  in  the  first  section  of  the  fore^oin^ 
tahulat.on,  when  4  ,r,lH  aere  feet,  more  than  its  total  eapaeitv,  is 
shown  (,  i,e  avudahle  tor  storajye  in  the  fourth  p.-riod,  Auirnst  'H)  to 
oeptember  .{().  ■  >        ^ 

An:;  loss  from  evaporation  and  absorption,  during  the  months 
interv^..ninR  to  the  openin^^  of  the  next  in=?ation  sea.son,  woidd  he  re- 
plaeed  before  May  1,  eertainly  before  June  10.  T)ie  eanal  eould 
ordnuinly,  be  in  operation  before  Jlay  1.  when  all  the  water  earried 
by  It  eoul.l  be  delivered  to  the  reservoir.  And  the  .sehed.ile  shows 
that  n.  the  hrst  period,  May  1  to  June  10,  17,G36  acre  feet  .vould  be 
available  for  storage  over  and  above  irrigation  requirements,  and 
that  quantity  is  certainly  more  than  the  reservoir  l...s.ses  in  seven 
months  ivould  amount  to. 

And  e<piallr  of  course,  the  withdrawal  of  20,194.50  second  feet 
during  the  second  period,  and  all  losses  in  that  period,  would  be  re- 
placed during  the  third  and  fourth  periods,  when  51,254.12  acre  feet 
are  shown  to  be  available  for  .storage. 

In  years  of  average  stream  discharge,  then,  a  canal  of  800  second 
teet  maximum  capacity  in  combination  with  Keho  Keseivoir  would 
suppl.v  the  total  irrigation  needs  of  the  entir,>  district,  on  100  per  cent 
irrigation  factor  with  the  reservoir  full  at  the  beginning  and  the  end 
ot  the  season,  and  the  operating  schedule  would  be  as  follows  — 


TABLE  NO.  8. 


May  Ist 

May  1st  to 
June  lOtb 

Available    

June  10th  to 
July   15th 

Draw    

July  15th  to 
Aug.   20th 

Available    

Aug.  20th  to 

Sept.  30th 

Available   


In  storage 
beginning 
of  period 

acre  feet 
41,000 

41,000 

41,000 

20,806 

30,442 


Available 

for 
storage 

acre  feet 


In  storage 
end  of 
period 

acre    feet 


Waste 
acre   feet 


17,636 

-20,194 

9,636 

41.618 
14 


41,000 
20,806 
30,442 
41,000 


17,638 


31.060 


Ill  jeHPN  of  niiiiimum  streum  (liscliHrRe.  a  cHnal  of  8(K)  s.-.-oud  f,.,.t 
nmxinniin  capacity,  in  conibinatioii  with  Keho  Kwcrvoir.  could  supply 
tin'  total  irrigation  nmts  of  the  entire  district  on  KK)  per  cent  irri- 
Kation  factor,  with  the  reservoir  full  at  the  hefrini.injr,  and  41.!l'4  per 
cent,  full  at  the  cn.l  of  the  season,  and  the  operation  schedule  would 
be  as  follows: — 


Mny    iHt    

May  l8t  to 
June.  10th 

Available    

June  10th  to 
July    IBth 

Draw  

July  15th  to 
Aug.   2(>th 

Draw   

Aug.  20th  lO 
Sept.  30th 
Available   


TABLE  NO.  9. 

In  storage 

beginning 

period 

Available 

for 
gtorage 

III   slorane 
end  of 
period 

Waste 

acre   feet 

acre   feet 

acre    feet 

acre    feet 

41,000 

41.000 

17,636 

41,000 

17.ti36 

41,000 

—20,19* 

•in.Hihi 

--  -. 

20,806 

5,916 

14,890 

—  . 

14.890 

2.307 

17.197 

Ill  the  per.od  ot  71  .lavs.  June  ]()  to  August  20,  the  evm.oration 
loss  would  not  cxcvd  6.000  acr..  feet.  At  the  lowest  the  reservoir 
i>U{,'ht  not  have  to  exceed  10,000  acre  feet  on  storage  at  the  end  of 
the  .sea.soii. 

To  .supply  tlie  deficiency  of  .ll.OC  .  acre  feet,  prior  to  the  extrenu' 
irrigation  re.purenients  of  the  succeediufr  .s.a.son.  thciv  would  ho 
availahic  any  water  that  would  he  transported  throutrh  the  canal  dur- 
1.1}.'  the  month  of  October,  and  in  the  latter  half,  at  least,  of  the 
following.'  April. 

The  lowest  recorded  stream  diseharpe  diirinjr  Oi'tolicr  is  :!'l,-) 
second  feet,  in  li»17,  followin<r  a  discharjre  of  531  second  feet  in  S..p- 
tcmber  of  that  year.  Th.'  discharge  during  September  of  191f)  was 
.JO_.fa  second  feet.  If  a  minimuni  flow  of  ;{0()  s.'coiid  feet  duriii.'  (>.•- 
tober  IS  a.ssured,  there  would  be  a  total  of  1S,(!()0  i,cre  feet,  less  loss 
m  transit,  supplied  to  the  reservoir. 

It  is  i)robable  that  the  canal  would  not  be  op  rated,  ordinarily. 
prior  to  April  15.  The  minimun  mean  monthly  disdiafe  of  the 
Oldman  River  during  April  is  boli  second  feet,  nore  than  the  canal 
capacity  considered  in  this  connection,  800  second  feet  The  latter 
quantity  would  provide,  in  fifteen  days.  24,000  acr."  feet. 

October  and  April  ciuld  thus  be  dcpeiuL-d  ui)oti  to  supplv  4'' 000 
acre  feet,  <rross,  from  which  a  canal  loss,  from  the  in  lair  fo' thr 
Rfservoir.  of  .30  per  cent.,  or  12,600  acre  feet  mav  be  deducted,  leav- 
ing :.9,400  acre  feet,  against  the  recpiired  amount  of  31000  acre 
feet.  And  the  tabulati(m.  Table  No.  6,  has  shown  that  dnrin<'  the 
first  period,  May  1  to  June  10,  17,0.30  acre  f.-et  would  be  available 
tor  storage,  altogether  providing  an  ample  volume  to  as.sure  full 
supply  in  the  reservoir  before  any  draft  is  made  upon  it. 
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X.  .-pt  duritiK  the  wcond  p,-ri(Ml,  Jud..  K)  t<.  July  15,  wli.-n  t  i.Te  «-oiil. 

all  of  th..  irritr«tiori  n..|iiir.'nu.nts  aiul  hav,  a  Huri.lns  of  3  677  m-vl 
feet.  IcNs  than  10  per  wnt.  margin.  '  *" 

of  K-lL'n'  '""'■''."'•''•  ""P""^'""  <'f  '»"•  irritf..l.l..  an-...  th.-  ..onHtniHion 
of  Keho  Reservoir  would  b,;  esxeiitial.  "»M<i<>i<)n 

With  flu-  addition  of  th.-  Ko,.ky  Couh.e  and  th."  Marons  fammn 
Kay  d.8tr.ets,  in  a  total  irri^al.l,.  an-a  of  lU.iMr.  a  ■   -s       ", ml    'f  Si 
se..o,,,l  f....t  capadty  an.l  the  r.-servoir  would  s  pp^-    h.    irri^atiln 
rrou.n.m,.nts  and  eanal  los.-s,  on  the  basis  of  an  SS  }.e      e,      iTrL" 
t.o,   factor.     I  pon  KM)  per  eent.  irrit^.tion  factor,  th.^.an«    ea.mSv 
":;;i:^[::''''''';V'''''''-'''''"''''.'^."'»l  ">...»  the  „,ininH.;n  strZ    ns.     r^e 
robablx  Huother  reservoir  in  addition  to  Keho  Kese^voir.    And  iu^h 
K..nn„l  reservoir  would  be  necessary,  in  th«  event  of  an       ,  rther 
"•Mifor.s  to    he  District,  other  than  Hoekx   Coulee  and  HaVoCar 
."«n^..y.  as  the  Sundial  and  others,  which  are  under  eons     .r^  on 


T'pnn  th 
di 


c  inclusioi    of  the  Kockv  Couh 


jay  d^riets  an.  any  further  expansion  of 't  tiS'tS™: 
ward,  the  natural  direct  route  of  the  main  .-anal  is  north  from  Ke" ex 
tlunie  and  hroutrh  Keho  Reservoir,  rather  than  bv  the  de  r 
the  south  flank  of  the  Hlack  Sprinjrs  Rid)?e 


tour  round 


The  cost  of  the  alternative 


,.,  ..        I  i.        •       .         .  ^'^   propositions   cannot   be  overlooked 

HI  any  dett-mination  of  their  relative  eeononiie  value.       "'*'"""'"* 

To  include  K.-ho  Reservoir  on  the  initial  construction  involves  the 
addition,  in  excavation,  of  the  following:—  mvoiMs  uie 

Main  cunal— 

From  Kenex  flume  to   Reservoir   Inlet,   4fi,3on   lin    ft 

Reservoir  Inlet,  16,000  lin.  ft.      

Reservoir  Outlet.  20,000  lin.  ft..I...'_'I 
Br.inch  canal- 


Cubic  yards. 

-  416,700 

-  576.600 

-  418.000 


Kenex  flume  to  Reservoir  outlets— 

Ktnex   branch    -mi  •>im\  „,.t.      j 

Return  branch  --::;:::::::::::::::l?iZ  cu':  S: 


Total    

The  followini,'  reduction  in 
Main  canal — 


•    215,300 
-1,626,600 


excavation  would  be  made  :— 


From  siphon  crossing  Oldman  River  to 

Kenex    flume    dm;  nnn  „.,h       i 

From   Kenex   flume  to   Rese7voirouTlet'  '  '"" 

127,900    lin.    ft.    1  ,j3  ^9„  ^„^    ^.,j 


,190 


Reduction  in  excavation 


197,590 
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. .'  li-^^tajatas^H-ji  ■  *  M^. .  j: j  '  \^k  rt^cc. . 


In  »*trii('turf>..  tli.T.-  woiilil  \h-  iviliK-tidii  in  tln'  cftpHfity  of  the 
siphon  croscin}?  of  thf  river,  iirif  ruilroud  i-rcMwinir  on  the  pri'M-nt  innin 
canal,  ami  adilitionN  of  u  mon-  i-xpfUHiv.-  railroad  erowinK  over  tho 
inlet  to  the  reticrvoir  and  the  control  Katen  at  the  reserviir.  The 
h'm'H  of  the  fiiinM-H  on  th.  .iiain  eanal  aliove  th"  Keho  Hewrvoir  eoidd 
he  redueed  lint  that  saving  may  Im'  disn-garded  for  the  prexent. 

There  would  then  !e: — 
rteductlon- 

197.590  cub.  ydH,  ttxravatlon  at  3Bc  per  cut;,  yj |  69,iS6  50 

Huilroud  (TOHKinB '  x'()(M)  00 

Hiphon  (TONsIng  ut  the  river '.'11'.'.'....'.        25,000.00 

......  |102,15«50 

Addition- 
Railroad  oroNHlng  over  Inlet ..|40,000 

Control  gates  at  UtHervoIr  _. .._r_  35!ooo 

Bulan<'e t  o 

To  that  has  to  be  added  the  tout  of  the  land  Included  In 
the  water  surface  area  of  tht  reservoir  3,690  ncrex. 
estimated  at  115  per  acre '       5., 

•*       ■  .'0 

Showing  that  the  inclUHion  of  the  Ke8ervoir  would  co»t 
$28,193.50  more  than  the  ^reHcnt  deHlgn  of  the  system. 

Further  reduction  of  the  cost  of  tin-  -i.iiii  canal  would    i.c  e.x 
pected  in  the  final  location  of  the  line. 

The  value  to  the  proj.-ct  of  the  inclusion  of  the  reservo!  ,,  oh- 
viously  very  much  greattT  than  !|<28,li;,l.,')().  In  case  of  a(,.i.,k-nt  to 
the  mam  eanal  above,  at  a  critical  period  in  the  irri^Hti  •  ,,son  a 
reserve  supjily  of  41,000  acre  feet,  at  the  edjfe  of  the  >.'t ,  ,■  ext*.  it 
of  the  irrigable  area,  might  produce  results,  in  one  se,  n,  manv 
times  the  e.iuivalent  of  the  additional  cost  of  construction 

It  may  be  too  early  to  express  an  opinion  of  the  value  of  an  aer, 
foot  of  water,  under  this  particular  enterpri.se,  but  the  addition  "f 
one  and  a  half  acre  feet  i)er  acre,  to  the  irrigable  lands,  will  raise  pro 
duct  ion  from  the  average  dry  farming  results  of  30  bushels  of  wheat 
per  acre  to  53  bushels  under  irrigation.  (See  results  reported  by 
Dominio-,  E.xperimcntal  Station,  Lcthbrhlge).  At  the  modest  price 
ot  -lil  per  bushel,  there  is  an  increased  production  of  !l!23  per  acre  or 
roughly  .$15  per  acre  foot  per  annum.  A  very  low  capitalizatioii  of 
that,  annual  productive  value,  per  acre  foot,  would  warrant  an 
addition  to  the  system  that  represents  an  added  cost  of  less  than  70 
cents  per  acre  foot,  41,000  acre  feet  at  cost  of  $28,193..}0. 

The  right  to  water  from  the  Oldman  River,  in  volume  sufficient  for 
the  needs  of  the  Distr;-t,  has  been  arranged  by  provisional  tiling  made 
by  the  Department  of  the  Interior,  during  the  rarlv  stages  of  the  work 
of  survey. 
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CHARACTER  OF  SOIL  AND  ADAPTAHII.ITY  TO  IRRIOATIOX 

From  cornprphenHivo  inH|ii>ctioii  of  th««  irriKahlp  Hrea,  th.-ri'  h  no 
r«.»m  for  doiiht  of  the  ailaptHhility  of  tin-  .'titire  iicrPH«o  in.'lii,i,.,|  in 
th««  Distrii't,  to  famiinK  under  irrij<Htioii. 

The  Hoil  vari.-*,  from  clay  loam  to  Man<ly  louiii.  on  Uw  irriKMl.lc 
tract,  with  sonic  gravel  intcntpcrwd  in  the  nppcr  wrtion.  The  latter 
woul.l  affect,  for  the  present,  the  con<litions  of  canal  construction  oiilv, 
aa  none  of  the  lands  on  the  upjwr  section  are  included  in  the  irriKal.le 
area  at  this  tunc  It  is  inevitHhle,  in  the  writer's  opinion,  that  s«K)ncr 
or  later,  these  lands,  partieuiai  iy  east  of  Willow  ('r.^.k,  which  are 
irencrally,  out  of  the  »rravel  helt,  will  se.-k  a  water  sup|)lv  and  will 
prove  equally  adaptalile  to  irrigation. 

The  land  surface  In  throughout  smooth  and  \niil'orm,  with 
Huffieient  surface  inclination.  Inspection  of  the  area  com|.els  the  con- 
clusion that  the  enuineera,  in  selection  and  classification  of  the  lands 
to  be  nicluded  in  the  irritfable  area,  have  been  most  e,irefnl  nnd  coii- 
wrvative,  alike  as  to  physical  characteristics  and  soil  conditions. 

On  the  former,  there  appears  to  bo  consideniliic  areua,  cHpeci;illy 
in  the  Turin  district,  which  have  been  c.xcjuded  lioin  the  irriuHble 
area,  presumably  on  account  of  Kreater  i^|•e^'uiaritv  of  siirfae..  ,lope 
and  roliinv'  or  broken  surface,  involviiiK  increased  cost  in  distrib'ition 
laterals.  These  additional  tracts  will  inevitably  seek  inclusion,  even 
with  the  extr-  burden  of  cost  dir.-ctly  upon  (he  owier. 

ilie  investiiratioiis  nuide  of  soil  eharacter  have  been  of  a  nn>st 
painstakinjr  and  seareliin^  character.  (Jenerai  insp.-etion  reveals  un- 
usually slijfht  indications  of  alkali,  and  .subscpient  impiiiv  indicatca 
that  evn  the  slightest  of  these  have  b.v..  excluded,  followiiur  upon 
compreliensive  soil  t-.sts.  In  the  Department  s  Report  for  1!M(>-17 
pa^fe  24.  rcfVrence  is  made  to  108  such  tests,  t.ll  subjeetcd  fii>t  to 
" electrical  bridge,"  and  w'len  indicating  above  moderate! v  Mn.njr  „| 
kali,  at  any  depth,  the  samples  were  sent  to  Ottawa  for  .  ..emical 
analysis,  and,  upon  such  methodical  e.vuminatioiiN,  the  final  limitations 
of  the  irrifrable  area  were  determined. 

It  may  be  doubted  if  the  adaptability  of  the  soil  to  irrigation  con- 
ditions has  ever  been  .so  completely  iiiN^stigated  in  anv  siieh  und.-r- 
taking.  before  construetimi  began,  or  w.iter  was  actiialiv  api)li..(l  to 
the  land.  *        ' 

Consideration  has  also  been  given  to  the  ceiiditions  governing  sur- 
face drainage. 

.  Altogether,  it  is  my  conclusion  that  the  total  irrigable  area  of 
97,o31  acres  is  well  adapted  to  irrigation,  that  the  area  is  conservative- 
ly stated,  and  that  an  increjuse  within  Uw  present  limits  mav  be  expect- 
ed within  a  rea.sonal)le  time,  if  such  increase  should  be  desired. 

There  does  not  appear  to  be  any  neccssit^•  to  comment  upon  the 
general  climatic  conditians  as  affecting  agricultural  pursuits  in  that 
<listrict  that  IS  well  establishe.l.  Crops  .-an  be  srrown  wlicn..vcr  the 
rainfiiU,  or  iln  cqmrahut.  durimj  th<  croppimj  .sinsoii  is  sufficient  for 
the  needs  of  the  growing  crop. 
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Th«t  phiiw  liuN  Hlr.'Hily  {nvn  fully  (•oiiNi<ii>rt>«I  in  tho  (liM>iiH>.ion  of 
the  iiiltlitiori  (if  thf  irri|fati»ii  Niipply  f<  !•,  loniiiil  ruiiifiill.  in  the 
«To|)|)in|f  8t'aM»M,  .liiriiiir  I'lUi,  wli.ii  liiiiii|M'r  .ropH  w.-n-  pr<Mlii.-.Ml. 


CA.VAL  LOCATION'  AND  STHITTI'llAI,   FKATIHKS. 

Thi«  dimtrict  «,v.r  wliicli  the  runul  wysti'm  would  !«•  conNtruotcd 
proM-nts,  jr«'nerally,  Vfry  favoiiialtlr  conilitioMs.  alikt>  for  JiM-ation  and 
•■onstructioM  :  it  is  ran-,  ihilfcil,  to  tiiid,  in  a  pn.jivt  of  this  iiiatrnitii<l<-, 
wi  fiw  olistach's  involvini;  iitiy  i-ri^fiiir.  rinif  prohh-nis.  That  may  licst 
1m.  illustraf.-d  in  th.'  statrnn-nt  that,  in  tin-  first  .'»'»  iiiil.-s,  prartifally 
to  tiif  Kcho  Kcscfvoir.  or,  if  the  originally  plainic.i  roul.«  is  ailoptt-d, 
to  thi'  first  irritfahlf  an-a,  tht-rt-  ar.'.  apart  from  th.-  intake  works,  four 
Ktrn<'tur<'s  other  than  earthwork,  a  siphon  i-rossintr  at  the  river,  ;t,:i7!» 

fet't  loni.',  and  three  wooden  fliini»'s,  one  crossintr  Willow  i'l k,  2,!MK) 

fwt  lonif.  the  seeond.  at  Roeky  Conlpe,  ;t,(MM)  f(  et  lontf,  and  the  third, 
near  Kenex,  1,1(M)  feet  lonjr.  the  two  latter  erossin>f  u  depression' 
«-xtendinj?  north-easterly  throufliont  the  entire  distance  between  the 
Oldman  and  liittle  How  Hivers. 

The  (reneral  nniformity  of  the  trronnd  snrfaee  pormits  a  loeation 
with  slijflit  deviation  from  the  >feneral  eourse  with  the  exwptioti  of  a 
northerly  trend  for  some  distance  after  crossinjr  to  the  north  side  of 
the  river.  And  that  same  featiin-  of  snrfact-  uniformity  will  result  in 
an  economic  location,  for  construction  purposes,  involving  no  serious 
amount  of  extra  depth  of  cuttint'.  except  immediately  east  of  Willow 
Creek,  and  in  some  extra  "fillinjf"  near  Hocky  Coulee,  where  the  de- 
prrhsion  just  mention.-d  involves  some  care  in  location  to  secure  the 
most  direct  route  with  the  least  expenditure. 

The  existing  projected  location  reveals  careful  study  of  the  topo- 
t'raphic  features  and  while  it  is  to  he  expeeted  that  improvement  will 
be  nuide  upon  final  field  location,  in  terms  of  shortening  distance  and 
reducinj»  total  (piantitv  of  excavation,  on  which  further  eonuuents 
will  he  nuide,  the  work  which  has  In-en  done— and  so  thorouphly  well 
done— affords  a  sound  foiuidation  for  estimation  of  quantities  in- 
volved at  this  .stage  of  the  enterprise. 

Test  borings  have  been  made  along  the  route  of  the  main  canal,  at 
intervals  of  two  miles,  for  the  purpose  of  ascertaining  the  character  of 
the  material  to  be  encountered  in  excavation.  These  indicate  the 
l)resencc  of  gravel  for  two  or  three  miles  north  of  the  river  crossing, 
as  well  as  in  some  i)arts  of  the  section  from  the  intake  to  the  siphon 
crossing,  approxinmtely  four  miles.  In  these  stretches,  for  some  time 
after  operation  begins,  there  nuiy  be  considerable  seepage,  involving 
mostly  loss  of  water  in  that  section  of  the  canal.  It  is  most  probable 
that,  with  s>ifPieicnt  drainage  and  the  continuance  of  the  gravel 
stratum  to  the  river,  no  surface  damage  to  the  intervening  lands  will 
be  entailed.  In  the  course  of  time,  from  natural  or  artificial  opera- 
tions, this  section  may  silt,  or  it  may  become  necessary  to  line  this 
portion  of  the  canal,  and  the  reipiired  expenditure  be  really  a  nuiin- 
tenance  charge. 

In  order  to  avoid  "cut  banks"  on  the  north  side  of  the  river,  in- 
volving prohibitive  cost  and  difficult  construction  and  maintenanee, 
the  intake  works  are  located  on  the  .south  bank  of  the  river,  about  nine 
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miles  west  of  Macleod.  The  site  for  dam  and  intake  are  entirely  suit- 
able. Wh'le  the  information  obtained  from  the  test  pits  sunk  near  the 
intake,  to  ascertain  the  character  of  the  underlying  material,  is  not 
wholly  conclusive,  it  is  reasonable  to  assume  that  the  dam  will  rest  on 
a  pervious  foundation,  and  the  designs  have  been  made  accordingly, 
adequate  to  the  situation,  and  may  be  modified,  as  work  progresses 
and  extended  informaiion  is  secured. 

^^  There  is  no  evidence  of  liability  of  the  river,  in  extreme  discharge, 
to  "cut  around"  the  structure,  on  the  north  side  only,  as,  on  the  south 
side,  the  structure  abuts  on  the  natural  wall  of  the'  vallev.  And,  to 
fully  provide  a-rainst  any  such  tendency,  a  levee,  or  embailkment,  will 
be  earned  out  on  the  north  side  to  the  level  of  the  north  wall  of  the 
dam,  which  will  be  carried  to  .such  height  as  will  provide  passage  for 
niaxnnum  discharge  of  the  river.  And,  in  such  levee  construction,  all 
depressions  that  may  suggest  evidence  of  old  channels  will  be  filled 
in  and  fully  protected. 

Due  regard  has  been  paid  to  the  volume  of  possible  maximum 
flood  of  the  river,  i)rovisi()ii  being  made  for  the  passage  of  40,000 
second  feet,  representing  6.5  feet  in  depth  over  the  crest  of  the  dam 
650  feet  long. 


The  design  for  th((  intake  works,  including  dam,  headgate,  sluice- 
way, etc.,  has  been  carefully  studied  and  is  adecpuite  for  all  the  condi- 
tions. Modifications  may  be  made  with  the  view  of  reducing  cost 
without  reducing  efficiency.  " 

To  pa.ss  from  the  south  to  the  north  side  of  the  river,  a  siphon 
crossing  has  been  designed  at  a  location  som  >  four  miles  below  the 
intake,  where  the  topographic  conditions  are  favourable.  A  struc- 
ture, 3,379  feet  long,  with  three  spans  of  steel  bridge  120  feet  long 
each,  over  the  river  channel  proper,  will  be  built,  which,  for  the 
present,  and  as  included  in  the  estimate  of  cost,  will  consist  of  one 
wooden  stave  pipe,  12  feet  in  diameter,  carrying  1,118  second  feet, 
with  provision  in  the  bridge  proper,  for  another  such  pipe. 

An  iilternative  plan  nmy  be  the  construction  of  two  pipes,  <)  feet 
in  diameter,  only  one  of  which  will  be  built,  at  first.  And  there  is  the 
further  alternative  of  reducing  the  capacity  of  the  main  canal,  as  in- 
dicated in  the  discussion  of  the  iiu-lusion  of  the  Keho  Reservoir,  on 
original  construction. 

There  is  no  occasion  for  extended  comment  on  the  remaining 
structural  features.  They  are  of  standard  wooden  flume  design  adt^ 
quate  for  the  reciuirements,  and  are  unavoidable. 

The  earthwork  excavation  will  be  of  the  usual  character,  marked 
only  by  the  relative  magnitude  of  the  total  (juantity. 

And  these  remarks  apply  ecjually  to  the  location  and  structural 
designs  for  the  branch  canals  and  distributary  laterals,  covering  the 
irrigable  area  itself.  Ample  provision  has  been  made  for  spillways 
and  for  the  protection  of  natural  channels,  when  used  either  as  part 
of  the  carrying  canal  sysleiii!*  or  for  the  removal  of  excess  water. 
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ESTIMATE  OF  COST  OP  CONSTRUCTION. 

In  submitting  an  estimate  of  the  cost  of  construction  of  the  works 
involved  in  this  enterprise,  it  is  fitting  to  comment  upon  the  extra- 
ordinary conditir  i  >f  the  limes  as  affecting  all  elements  of  construc- 
tion. Never  b.iore  li.  i  the  task  of  estimating  cost,  with  reasonable 
accuracy,  imposed  so  much  anxiety  and  responsibility  upon  engineer 
and  contractor  alike,  a  fact  that  is  readily  realized  by  those  engaged, 
or  seeking  to  engage,  in  large  undertakings  of  the  character  under 
consideration.  I'nder  the  prevailing  circumstances,  with  no  assur- 
ance that  the  prices  ruling  today  will  govern  sixty  days  from  now, 
but  with  the  conviction  that  any  change  =s  likely  to  be  upward 
for  some  considerable  time  in  the  future,  such  estimates  must  be 
high,  and  appear,  perhaps,  unduly  high,  to  those  by  whom  tiie  burden 
in  ultimately  borne. 

In  addition  to  the  conditions  generally  prevailing,  there  are  ele- 
ments affecting  cost  of  irrigation  development— and  in  this  particular 
project  under  consideration,  perhaps  peculiarly— which  nnist  b.' 
steadily  kept  in  mind.  There  is  the  remoteness  from  centi'es  of  con- 
tracting organizations,  distance  from  railroad  facilities,  limited  sea- 
son in  which  work  can  be  prosecuted,  and  a  tendency,  more  in  irriga- 
tion construction  than  in  most  other  fields,  for  necessary  work  tohi- 
crea.se  in  items  and  amounts. 

In  this  particular  case,  while,  as  has  been  noted,  a  final  field  loca- 
tion has  not  been  made,  there  are  sufficient  data  on  which  to  base  an 
accurate  judgment  of  the  quant  it  im  of  nmterial  involved.  It  is  my 
opinion  that  the  final  location  will  result  in  many  items  of  reduction, 
small  in  individual  amount,  perhaps,  but  considerable  in  total  result! 
I  have  carefully  gone  over  these  (|uantitics  in  the  various  classes  of 
work  and  am  confident  that  tlii'v  are  amply  large,  in  all  classifications, 
so  much  so  that  they  afford  latitude  for  nuich  change,  either  in  design' 
or  location. 

On  the  details  of  luiit  i)rices,  I  have  incpiired  into  the  prevailing 
-conditions,  though  there  has  not  been  much  of  this  class,  or  magnitude, 
of  work  in  the  vicinity  for  .some  years.  1  have  thoroughly  gone  over 
the  data  affecting  co.st  with  Mr.  II.  B.  :Mucklestone,  who.^is  Chief 
Engineer  of  the  Lcthbridge  Northern  Irrigation  District,  will  be  in 
charge  of  construction,  and  who,  as  Assistant  Cliief  Eiigin.'er  on  the 
Canadian  Pacific  Irrigation  works  has  had  extended  and  recent  ex- 
perience in  this  class  of  construction. 

In  adopting,  largely,  the  iniit  prices  determined  by  him  I  am  con- 
fident that  tliey  are  ami)le,  and  while,  in  items  apparently  large,  are, 
under  analysis,  just  to  the  conditions  of  tocbn". 


And,  in  both  (piantities  and  prices,  my  conclusion  is  that  tliey  are 
ample  to  cover  all  the  elements  of  the  work,  sufficient  to  provide  for 
possible  modification  or  alteration  of  plans,  and  are  as  low  as  can  be 
ciii|iioved  at  this  stage  without  misleading  those  who  shall  determine 
the  advisability  of  entering  upon  the  project  ami  those  who  must  ulti- 
mately bear  the  burden. 
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ESTIMATE  OF  COST 


Headwork!* : 


Excavation: — 
3,600  cub.  yds.,  dry,  af  40c  per  c.  y.  .   .  -     -     $  1  440 

9,700  cub.  yds.,  wet.  at  $1.50  per  c.  y    I  "_  U.'sso 

Coffer  dam 19268 

Concrete: — 

Plain,  4,153  cub.  yds.,  at  J12.75  per  c.  y._  52  951 

Reinforced,  480  cub.  yds.,  at  $27.37  per  c.  y..  13'l38 

Control  Gute.s,  etc.  10000 

Rip-rap,  8,000  cub.  yds.   (estd.)   at  $1.00  per  c.  y"  8000 


$    119,347 


ExeaTatluii: 

First  section   362.651  cubic  yards 

Main  canal 3,756,110       " 

Branches     582,939 

Distributaries 1,285,.'>01 


Total     5,987,201  cubic  yards 

Say  6,000,000  cubic  yards  at  35c  per  cubic  yard 

Siphon  rroNNlng  of  Oldnan  Klyer.  3.379  feet  long. 

Wood-stave    pipe    1  81,028 

Steel  bridge    ';  span 111,360 


Wooden  flume!*: 

lllow  Creek,  2,900  feet  long. 

Timber,  944.000  ft.  b.  m.  at  $76.60  per  M.  __  $72  310 

Piling,  17,000  lin.  ft.  at  20c  per  ft .         _     3  400 

Plledriving,  11,000  lin,  ft.  at  70c  per  ft.  _  7700 


Rockj-  Coulee,  3,000  feet  long. 

Timber,  1,104,000  ft.  b.  m.  at   $85.00  per  M.-_     _  $93  840 

Piling,  14,700  lin.  ft.  at  20c  per  ft. 2  940 

Piledrlving,  10,000  lin.  ft.  at  70c  per  ft. _  .     7*000 


Kenex,  1,100  feet  long. 
Timber,  420,000  ft.  b.  m.  at  $85.00  per  M.  _  _  $35  700 

Piling,  5,000  lin.  ft.  at  20c  per  ft. I'ooo 

Piledrlving,  4,000  lin.  ft.  at  70c  per  ft. 2800 


Railway  Bridge  crossings,  (2)  Main  Canal  at  $8,120  each 
Concrete  Siphons  at  Railway  Crossings   (3) 

General  Timber  Construction,  on  Branch,  Secoii'iary 
and  Distributary  Canals,  including  lumber,  1  m- 
Ing,  hauling,  excavation,  trenching,  refilling,  re- 
placing, etc. 

Total  quantity,  2,600.000  ft.  b.  m.  at  $125  per  M.  b.  m. 
Piling  in   connection   with   above   


General  Concrete  Construction,  on  Branch,  Secondary 
and  Distributar>'  Canals,  including  all  Items. 

4,236  cub.  yds.  reinforced  at  $55  per  c.  y. 

Plain  concrete,  54  cub.  yds.,  at  $15  per  c.  y. _'__ 

Corrugated    Pipe    Culverts.    41,160    lbs.    at    9c.    per    lb 

metal    only    

Steel  Flumes,  52,452  lbs.  at  9c.  per  lb.,  metal  cnly  _r'\ 

Fencing.  40  miles  at  $300  per  mile 

Telephone  line.  42  miles  at  $300  per  mile 

Right-of-way,  2,400  acres  at  $40  per  acre 1 

Buildings,  for  Ditch  tenders 

Engineering,   incidentals  and  contingencies   I-III_I 


2,100,000 


192,388 


83,100 


103,780 


39,500 
16,240 
12,320 


325,000 
26,534 


232,980 
810 

3,704 
4,720 
12,000 
12,600 
96,000 
20.000 
510,153 


On  97,531  acres,  $40.12  per  acre,  total 
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$3,911,176 


Of  the  large  item,  in  quantity  and  total  i-ost,  earthwork  excava- 
tion, it  may  be  repeated  that,  on  final  looation  of  the  canal  line,  reduc 
tion  may  he  reasonably  expected.  And  that  may  not  only  be 
represent<(l  by  distance  and  quantity,  but  in  unit  price.  The  jrreater 
portion  of  the  main  canal  should  be  excavated  by  machinery,  drajr 
line  scraper,  and  the  location  of  the  canal,  in  respect  to  depth' of  cut- 
ting, should  be  governed  with  such  work  in  view,  avoiding  any  undue 
amount  of  overhaul,  desirable  and  economical  if  the  greater  portion 
of  the  work  was  to  be  performed  by  teams  and  scrapers.  Some  over- 
ha\il  is  unavoidable,  of  course,  as  in  the  vicinity  of  Rocky  Coulee  and 
the  general  "depression"  previously  referred  to. 

With  the  large  ([uantity  of  timber  ^ork,  especially  in  the  Branch 
and  Subsidiary  Canals,  at  considerable  distance  from  railroad  points, 
extra  hauling;  is  involved,  and  with  the  nuiltiplicity  of  structures, 
much  excavation  and  trenching,  all  contributing  to'  increased  cost, 
and  that  also  applies  to  concrete  construction  in  that  i)art  of  the  dis- 
trict. 

Tlu-  extent  of  fencing  has  been  reduced.  While  fencing  a  canal 
line  is  generally  desirable,  tlio\igli  accompanied  by  some  tlisadvantages 
that  increase  cost  of  operation,  there  are  some  "local  conditions  sur- 
rounding this  enterprise  that  suggest  the  careful  selection  of  the 
stretches  to  be  fenced.  It  is  plainly  evident  that  drifting  soil  and 
weeds  create  an  unusual  condition  to  be  specially  reckoned  with,  and 
the  erection  of  fences  esiiecially  along  the  canal  where  there  is  limited 
cultivated  area,  or  none  at  all,  in  the  iunnediate  vicinity,  may  fail  to 
afford  the  canal  the  protection  desired,  but  may  actually  increase  the 
cost  of  operation,  by  creating  drifts  from  which  accunnilation  in  the 
canal  adjoining  may  be  greatly  enlarged. 

The  telephone  lino  is  provided  on  main  roads  along  the  main 
canal   oiilv. 


The  buildings,  for  which  the  sum  of  $20,000  has  been  inchided. 
are  only  such  as  will  be  reciuired  at  the  intake  and  at  division  points 
along  the  canal  for  the  ditch-riders  and  do  not  include  oftiees.  etc.. 
which  the  District  may  reipiire,  but  which,  for  the  present,  it  is  as- 
sumed would  be  included  in  operation  expenses,  under  rentals. 

Under  all  the  existing  circumstances,  it  is  considered  fiuit  an 
addition  of  1.')  per  cent,  to  cover  engineering  expenses,  incidentals 
and  contingencies  is  the  least  that  should  be  nuidc.  iMueli  engineering 
work  has  been  done  that  will  be  very  helpfid  to  the  future  prosecuiion 
of  the  work,  but  much  more  has  to  be  done  th.it  may  ai)pear  as  dupli- 
cation, as,  for  instance,  the  final  iiermanent  locatioii  of  canal  routes. 
The  District  has  incurred  some  expense  which  should  be  covered  in 
this  item  of  contingencies. 


The  foregoing  estimate  is  based  upon  th<>  canal  location  and  plans 
as  now  designed,  that  is,  omitting  Keho  Heservoii,  and  on  the  maximum 
carrying  capacity  of  1098  second  feet  below  the  siphon  crossing  of 
the  Oldnian  Kiver,  and  no  credit  is  given  for  any  reduction  that  may 
b<;  made  possible  by  the  alternative  route. 
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KSTLMATE  OF  COST  AND  MAIXTEXANXE  AND 
OPERATION 

Hpfore  taking  consideration  of  the  financial  requirements  for  tiie 
cost  of  construction,  the  cost  of  maintenance  and  operation  niav  he 
forecast,  as  that  feature,  in  a  measure,  may  be  involved  in  the  finan- 
cial provisions. 


Maintenance. 

Under  maintenance,  there  would  he  the  items  of  general  over- 
head expenses,  sinkiuK  fund  for  renewal  of  i)erishahle  structures,  and 
provision  for  accidental  damage. 

For  the  first,  a  general  allowance  of  one-half  of  one  i)er  cent. 
on  the  total  construction  cost  would  prove  sufficient— or  $19,550. 

For  renewals,  there  are  the  three  wooden  flumes  mentioned,  with 
a  total  estimated  cost  of  $226,.'J8().  These,  with  good  construction, 
should  have  a  life  of  twenty  jears. 

For  the  larger  ({uantity  of  smaller  wooden  structures,  tliiough- 
out  the  branch  system,  involving  a  tot..l  expe.iditure  of  $:}25,0()0,'' it 
would  be  conservative  to  estimate  upon  the  shorter  life  of  ten'  years. 

The  wood-stave  pipe,  $81,028,  sliould  last  fifteen  years,  a  very  low 
estnnate  in  my  own  observation  of  such  construction. 

Of  the  reinforced  concrete  construction,  siphons,  etc.,  in  the 
eastern  section  of  the  system,  $50,000  may  bo  counted  upon  for  re- 
newal within  nine  years. 

Fencing  and  telephone  line  will  require  renewal  within  eight 
years  and  may  be  reckoned  on  the  basis  of  direct  allowance. 

Maintenance  rccpurements  would  thus  become 

Overhead  provision $19556 

St  Unff  Fund 

Flumes $226,380  —  20  years  —  $  6,846 

General  Timber 325,000  —  10  years  —     25  837 

Siphon    81,000  —  15  years  —      3J54 

Concrete  Siphons 50.000  —    9  years  —      4545 

Fencing    12,000  —     8  years     -      1^250 

Telephone   line    12,600  —     8  years  —       1,312 

_ —         43  544 

Accidental  damage 1000 

Total    $64,100 

0{'EK.\TION. 

Under  operation,  there  would  be,  in  the  general  organization, 
engineering  superintendence,  including  superintendent,  at  $4,800  per 
annum,  two  assistant  «"nerintendents  at  $2,400  each  per  annum,  one 
draftsman,  at  $1.50'^  ^ond  at  $1,000,  and  stenogi  ..pher  at  $1  200 

a  total  of  $l:j,300.  •  ' 
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In  charg"  of  the  distribii.  <\  and  scrvii-c  of  wjitcr.  imo  w.itt-r 
muster  may  care  for  8.(}i){)  acres,  nciuirin^r  l-  water-masters  at  $1,80(1 
per  annum  each,  a  total  for  this  item  of  !fi'21,(i()0. 

In  patrol,  the  main  canal  would  he  divided  into  four  sections: 
firnt,  from  the  intake  to  the  siphon  crossiu'r:  sicunil,  from  siphon  cross- 
ing to  llocky  Coulee  flume;  thirti,  from  Hoeky  Coulee  flume  to  Keho 
Reservoir;  and  fourth,  the  Keho  Reservoir  aiul  outlet  canal,  or  the  two 
last  mentioned  divisions  would  be  offset  by  similar  se(tions  on  the 
main  canal,  if  Keho  Reservoir  were  not  included.  These  patrol-men 
would  receive  $1,500  per  aiuium  each,  a  total  or  $»),0()(). 

An  expensive  item  in  canal  operation  would  consist  of  cuttinjr 
weeds,  at  least  on  the  ri<;ht-of-way  owned  by  the  District.  That  area 
has  been  included  in  the  estimate  of  cost  at  2.400  acres.  A  burden 
of  probably  $V2  per  acre  per  aniuuu  nmy  be  entailed  in  this  neccssarv 
work,  or  $28,000;  say  $:iO,000  in  all. 

For  general  upkeep  of  the  main  canal,  in  the  removal  of  sand, 
silt,  etc.,  it  may  be  estimated  that,  out  of  the  total  length.  :iO  miles 
may  involve  an  aiuiual  expenditure  of  $:J00  per  mile,  or  $!).0{)0;  say 
$10,000  i)er  aiunun.  This  burden  will  be  affected  by  the  careful  loca- 
tion of  fencing,  as  has  been  mentioned  in  connection  with  the  cost 
of  construction,  and  some  part  of  it  may  be  reduced  by  judicious 
expenditure  on  furcstrij,  along  the  canal  line.  An  annual"  expense  of 
$2,000  in  such  work  nuiy  nuiterially  reduce  the  annual  cost  of  clean- 
ing, but,  as  some  time  would  elapse  before  its  beneficial  effect  would 
be  felt,  the  allow.  "     O.OOO  should  be  reckoned  ui)on. 

Some  up-keep  of  bui, dings,  structures,  etc.,  in  renewal  by  ])aint- 
ing,  etc.,  will  be  incurred,  for  which  an  aiuuud  iirovision  of  $1,000 
should  be  allowed,  and  another  provisional  fund  of  $1,000,  ainumlly, 
.should  be  made  for  wilful  dauuiges  that  may  occur. 

For  necessary  ecpiipment,  to  care  for  service  of  the  organiza- 
tion, in  plant  antl  aninuds,  $r),000  jx  r  annum  should  be  provided. 

For  the  head  office,  ic  has  previously  been  stated  that,  at  first, 
(juarters  should  be  rented,  in  place  of  buildings  erected,  and  such 
rental  would  be  covered  by  $900  annually,  and — with  a  secretary,  at 
$2,400  ))er  annum,  stenographer  at  $900,  printing,  stationery,  etc., 
$500,  incidentals,  $:iOO— would  give  an  annual  total  of  $5,000.' 

A  telephone  excliange  will  become  a  necessity,  at  a  ]u-obable 
expense  of  $1,800  per  annum. 


j  The  compensation   and  expense  of  the   Board  of  Tru:  tecs    (;]) 

J       may  amount  to  $5,000  per  annum,  and  legal   expenses  involve  the 
I       annual  expenditure  of  $6,000. 

It  umy  be  anticipating  tlie  growth  of  the  s.vstem  to  make  any 
l)rovision  for  superannuation  at  this  time,  but  such  will  become  an 
item  that  nuist  be  considered,  and  an  allowance  of  $2,000  should 
be  included  now  for  tlu-.t  purpose. 
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SuinniHriziiig,  there  would  be — 

EngineerinK    Superintendence    1  13,300 

Water-magterg 21,600 

Patrol    6,000 

Cuttlnfc  weeds  ._ 30,000 

Removal  of  sand,  silt,  etc. 10,000 

Up-keep  of  structures,  painting,  etc.  1,000 

Damages 1,000 

Equipment   5,000 

Head    Office,    Organization    5.000 

Telephone  Exchange -1 1,800 

Board  of  Trustees  5,000 

Legal  Expenses  6,000 

Superannuation    2,000 

Total    $107,700 

Coinbiiiinjr  iiiainteiiance  and  operation  uxpeuses,  there  is  a  total 
of  !)il71,H00,  whieh,  on  97,531  aeres,  means  $1.76  per  acre  per  annum. 

In  191U,  the  summary  of  operation  and  maintenanee  results  un 
der  26  irrigation  projects  of  the  IT.  S.  Reclamation  Service,  gives  these 
combined  costs  at  $1.26  per  acre.  Without  knowledge  of  all  the  re- 
lated facts,  this  compari.son  may  be  interesting  rather  than  eonfiriii- 
ative  of  the  accuracy  of  the  estimate  here  made,  which  is,  by  itself, 
submitted  as  full  and  conservative,  ft  should  be  added  that  the  total 
cost  in  the  V.  S.  Reelamation  Service  review  includes  large  and 
small  i)rojects.  In  a  number  of  cases,  the  co.st  of  necessary  drainage 
is  embraced,  and  in  all,  the  total  expense  is  ai)plied  to  all  the  irrig- 
able area  though  the  area  actually  irrigable  is  nnu-h  less  than  that, 
and  there  are  oidy  three  i)ro.jects  in  which  tho  total  irrigable  area  is 
greater  than  that  of  the  Lethbridge  Northern  Irrigation  District. 

FIXAXCIAL  PROVISIONS 

While  the  sum  of  $:{,!)11,176  is  amply  sufficient  to  construct  the 
complete  canal  .system  to  irrigate  97,531  acres,  at  the  rate  of  $40.12 
per  acre,  irrigable,  additional  financial  provision  must  be  made  to 
place  the  District  on  the  basis  of  a  going  concern. 

Interest  during  construction  on  the  requisite  funds  as  they  are 
needed,  and  discount  on  bond  iss>ie  must  plainly  be  provided  for.  In 
addition  to  that,  however,  it  will  be  wise  to  arrange  for  the  interest 
payment  for,  at  least,  one  year  after  canal  completion,  in  order  to 
give  the  farmer  an  opportiniity  to  "find  himself";  and  one  year's 
cost  of  maintenance  and  operation  should  be  added  to  that,  if  pos- 
sible, while  the  organization  should  have  a  working  capital  to  start 
with. 


Two  years,  or  rather  two  working  seasons,  will  be  re((nired  to  com- 
])let(>  the  construction.  I'nder  extremely  favourable  circumstances, 
with  the  work  in  the  hands  of  a  thoroughly  equipped  organization 
with  |)re\ions  experience  in  the  particular  character  of  work,  it  might 
be  j)ossible  to  comjilete  it  in  one  year,  though  the  seasonal  limitation 
is  a  serious  handicap.  Two  seasons  should  form  the  basis  of  calcula- 
tion, at  least,  and  it  may  be  i)()inted  out  that  bcgiiniing  with  ^larch, 
1920,  for  install, -e,  two  seasons  would  extend  to  !May,  1922,  the  month 
when  the  canal  would  first  be  in  operation  for  the  year. 
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It  will  l)f  Hssiimt'd  tliHt  l)()ii(ls  arc  issiit-d  to  tin-  Hiiioiint  of  .■fi.'),()0<),. 
(MK).  to  bo  delivered  as  re<iuired— at  ♦)  per  <M'nt.  interest  -M)  years, 
that  there  would  be  diseoiint  of  .">  per  eeiit.,  that,  during'  the  tirst  sea- 
Kon.  ♦1.7r>0.(MM)  woidd  bo  expended  on  the  works,  and  the  balaneo 
in  the  st'eond  season. 

The  final  sehednle  would  then  lie— 

1*20  Total   amount.   _.    ..  lo.tiOO.OOO 

Capital  drawn  12,000,00« 

I^8s  discount lOO.UDO 

$1,900,000 

Kxpended    on    con.strui'tlon 11,760,000 

Interest  on  $2,000,000  -._ 120,000 

— '■ $1,870,000 

Balance $      30.000 

IWl  Balance  on  hand        $30.00o 

Capital  drawn $2,500,000 

Less   discount   125,000 

— '■ —     2,375,000 

$2,405,000 

Expended  on   construction $2,161,175 

Interest   on   $2.00(t.000   120.000 

Interest   on    $2,510,0<)0    90,000 

$2.,'?71.17(; 

Balance  $      3.3,824 

■i9ii  Balance 33.824 

Balance  of  capital  drawn $500,000 

Less  discount  25.000 

$475,000 

Year's  interest  on  total  issue $300,000 

Year's  maintenance  and  operation 171.800 

$471,800 

3,200 

Working  capital  remaining  $37  024 

$5,000,000  on  97,531  acres  means  $51.26  per  acre. 

In  the  event  t'lat  the  estimates  of  eost  subndtted  are  found  to  be 
hijrh.  there  would  be  open  the  alternative  courses  of  either  not  real- 
izinf?  on  all  of  the  bond  issue  or  of  conserving  the  surplus  to  loiifrer 
e.vtended  credit  to  the  farmer  on  interest  payments  and  maintenance 
eharjres,  a  policy  which  should  not  be  carried  too  far,  however.  I'n- 
doi*  all  the  o.xistiii'r  conditions,  it  would  neither  be  wise  nor  prudent 
to  initiate  the  undortakinp:  on  a  smaller  financial  iirovision  than  out- 
lined. Any  alteration  in  the  final  results  will  involve,  it  is  true,  an 
adjustment  of  the  assessment  of  burdens  against  the  land,  but  that, 
wholly  a  matter  of  accounting,  can  be  cared  lor  without  serious  in- 
convenience, either  to  the  administration  or  to  the  landowner. 

A  sinking  fund  for  fiiuil  repayment  of  the  bond  issue  must  be 
provided.  It  is  suggested  that  its  creation  may  be  deferred  for  ten 
.vears,  and  the  aecunndation  made  in  the  last  twenty  years  of  the 
life  of  the  bonds.  On  a  5  per  cent,  ba.sis  that  means  an  annual  con- 
tribution of  $1.51, ::jO,  for  a  period  of  twent.\'  years,  or  an  addition 
of  $1.55  per  acre  to  the  charges  for  interest,  and  maintenance  and 
operation.  Deferring  for  ten  years,  the  start  to  an  accumulating  fund, 
may  seem  und\dy  po.stponing  a  prudent  action.  In  that  time,  how- 
ever, the  security  for  the  bonds  will  have  materially  enhanced  in 
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value  and  the  landowner  will  have  gained  in  experience,  to  an  extent 
that  will  represent  u  steadily  increased  production,  in  amount  and 
value,  and  will  thus  be  better  able  to  carry  the  slightly  increased 
burden. 

The  prosecution  of  the  enterprise  involves  to  the  land  owner— 

(a)  The  interest  on  bond  issue  amounting  to  $;j.()7  per  acre  per 
annum. 

(b)  The  maiiiteuance  and  operation  cost  amounting  to  $1  76  per 
acre  per  annum  and  after  10  years  from  the  issuance  of  the  bonds. 

(f)  The  contribution  to  sinking  fund  amounting  to  .tl.-jf)  per 
acre  per  annum. 

In  the  narrowest  conception  of  the  proposition,  the  strictly  com- 
mercial view,  the  test  of  its  soundness  is  in  the  (luestion  :  Can  the  land- 
owner, by  the  addition  of  .$4.8:1,  say  .$.">  p.-r  aeiv  pt-r  annum,  to  ordin- 
ary farming  expenses,  during  the  first  ten  years,  secure  such  in- 
creased production  as  will,  in  normal  times  and  at  normal  i)rices 
justify  that  additional  burden?  In  another  form  the  <|uestion  be- 
comes: Will  farming  by  irrigation  warrant  the  addition  of  $51.20  per 
acre  to  the  land  and  will  the  additional  return.^  vield  adequate  inter- 
est upon  that  increased  value? 

In  addition  to  the  overhead  costs  of  $4.8;{.  or  .$5  p.-r  acre,  referred 
to,  there  would  be  the  cost  of  ditching  and  irrigation,  which  would 
be  fully  covered  by  an  addition  of  .$1  per  acre,  making  in  all  .''ib  00 
per  acre  of  auded  expense,  in  the  first  period  of  ten  vears,  to  ordiiiar\- 
"dry"  farming  methods. 

A  tabulation  of  "Comparative  Results  in  Crops  grown  on  Drv 
Land  and  Irrigated  Land,  at  the  Experimental  Station,  Soiitlieni 
Alberta,'  by  Mr.  W.  H.  Fairfield,  Superintendent,  gives  valuabj.. 
information  on  the  relative  production  secured  under  what  may  be 
termed  the  natural  and  the  artificial  conditions. 

The  following  siiows  tiie  comparison  in  wheat-growing 

Dry         Irrigated    Per  cent 
bushels      bushels      Increase 

IZl  T?  «  *8 

1910       It  ^3  jQg 

1911    (Hailed) 

19  3  25  52  108 

1914  24  54  125 

1915 63  94  50 

1916  48  71  4g 

1917  28  48  71 

1»18  14  g2  243 

Average  for  11  years 30  .-,3 

Increase  due  to  irrigation 23  bushels 

Increase  due  to  irrigation 77  per  cent. 

It  i.s  correctly  remarked  in  the  bulletin  111  which  the  foregoing 
tabulation  i.s  published  that  ••the  yields  are  higher  than  would  prol" 
ably  have  been  the  case  had  the  fields  (L60  acre  plots)  been  larger. 
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The  comparative  resulfH  are,  no  dou»)t,  the  Maine,  i.e..  the  |)ereer)tHKe 

o£  inereaHe,  due  to  irriKHtion.  is  the  Mume  oh  would  li.iv.-  I n  the 

case  hud  the  fields  been  lartrer." 

It  i.s  also  remarked  that  "on  the  dry  land,  the  i-rops  have  in- 
variably bt'eii  planted  on  smnnier  fallowed  land,  so  that,  to  be  reallv 
fair  in  the  .'ompurison,  the  yields  oti  the  dry  land  shciuld  be  divideil 
by  two,  for,  on  the  irrit'ated  land,  a  rotation  has  been  followed  and 
no  summer  fallowinif  has  been  done,  that  is  to  say,  a  crop  of  some 
kind  has  been  produced  every  year  on  the  land." 

And  that  la.st  renmrk  applies,  of  course,  to  all  irrigated  land,  a 
crop  of  some  kind  can  be  produced  every  year. 

It  is  noticeable,  that  apart  from  the  years  of  bumper  crops  on 
dr>'  lands,  lid.')  and  l!H(i.  the  dvirat/i  yield  on  dry  land  (;»()  bushels) 
is  greater  than  the  yield  in  any  individual  year,  except  1!K)'J  (;!1 
b'lshels). 

If  the  yields  from  both  dry  land  and  irrigated  land  in  191,')  and 
1916  are  omitted,  the  averages  become  24  and  46  bushels  respectivelv, 
the  increase  due  to  irrigation,  91  per  cent.,  and  22  bushels  i)cr  acre. 

The  yields  in  the  irrigated  land  show  a  fairly  steady  increase, 
omitting  191.')  and  1916,  except  in  the  year  1910,  with  23  bushels  per 
acre. 

The  year  1910  was  one  of  minimum  precipitation  throughout: 
7.95  inches  total,  and  4.49  inches  during  the  cropping  season. 

The  year  1918  was  another  of  minimum  precipitation.  7.62  inches 
total,  and  4.48  inches  during  the  cropping  season :  practically  the 
same  as  1910. 

And  "dry"  land  yields  were  almost  the  .same  in  each  vear^  11 
in  1910  and  14  in  1918. 


Yet  the  yield  on  irrigated  land  in  1910  was  23  bushels  per  acre 
and  in  1918,  48  bushels  per  acre. 

It  is  possible  that,  in  the  former  year,  the  irrigation  supply  was 
not  sufficient,  or,  that  better  knowledge  of  the  methods  of  applica- 
tion had  been  gained  in  the  interval,  though  that  would  be  unlikely, 
as  the  Experimental  Station  was  wi.sely  directed  throughout. 

It  is  a  fair  conclusion,  from  all  these  considerations,  that,  i)y  ir- 
rigation, an  increa.sed  yield  of  23  bushels  of  wheat  can  be  obtained 
over  the  yield  from  "dry"  land,  one  sea.son  with  another,  covering  a 
long  period,  and  that  a.s  a  minimum.  It  will  be  noted,  in  the  tabula- 
tion of  comparative  results,  that  the  average  increa.se  of  yield,  from 
1912  on,  is  above  that — is  28  bushels — and  is  below  that,  in  two  vears 
only,  1912  with  22  and  1917  with  20. 
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At  the  low  ntti'  <»f  Hd  |ht  IiiisIh'I,  tliiit  kIvon  a  n-turii  nf  i|»:i:l  p.-r 
acre  upon  an  itii-n-aNcd  out  lay  of  ififi  jwr  H«*ri'. 

rndt-r  irriHriitioM,  iijrriciiltiirt'  wmilil  not  lie  conHiifil  to  wln-at 
faritiintr.  Divi-rsitinl  ini|>|>iii>f  wcmld  N|M't'tlily  Id-  rcsurtfd  to,  as 
iiuiiratfd  in  tin-  otlu-r  cioiis  of  which  coinparativt!  results  arc  (riven 
in  the  liiiiletin,  oats,  harlcy,  peas,  and  potatoes,  all  of  which  show 
lurjfu  pereentaK''  of  inereaw. 

Some  if''i"«'nd  eoninients  in  this  hulletin  are  so  apt  to  the  present 
consideration,  that  no  apolo^n    is  neei-ssary  for  (inotiii);  tlicni  lieri': 

"This  (llviTHincatlon  (of  croppinKl  meuiis  ihiit  lliere  will  be  cor- 
tiiln  parts  of  the  farm  devoteil  to  hay  ami  pasture.  It  means  that 
our  llvestoik  hoUllnRs  will  he  vaslly  I  icreaseil,  uiid  with  the  rarry- 
iM(5  of  the  livestock  oti  the  land,  the  question  of  an  adequate  supply 
of  humus  on  the  soil  will  he  solved.  This.  In  Itself,  will  modify,  to 
a  Kreat  extent,  the  troubles  we  are  beginning  to  experience  in  soil 
drifting. 

"The  weed  problem  will  be  taken  care  of  to  n  large  extent,  because 
weeds  that  thrive  In  grain  disappear  when  the  land  '•■  Heeded  down  to 
alfalfa. 

"The  land,  after  being  seeded  down  to  alfalfa  for  a  few  years.  Is 
richer  than  ever  for  the  growing  of  grain,  and  so  the  circle  is  com- 
pleted, and  more  stable  and  permanent  conditions  are  established  in 
our  farming  operations. 

"Comparative  yields  of  alfalfa  and  timothy  are  not  given,  for  the 
reason  the'  the  returns  from  these  crops  have  been  so  low  on  the 
dry  land,  tl  at  It  was  hardly  worth  while  to  tabulate"  them. 

"On  the  Irrigated  part  of  the  station,  our  average  yield  of  cured 
alfalfa,  for  the  past  ten  years,  has  been  considerably  over  four  tans 
per  acre.' 


The  i.i'ospects  of  adeipiate  return  to  the  fanner  for  the  addition- 
al investment  are  not  doubtful,  and  need  not  be  confined  to  the  parl- 
ienlar  instances  (pioted,  or,  if  so,  the  extreme  test  can  be  applied.  Tn 
190!>,  for  instance,  irrijiated  land  yield  of  wheat  was  oidy  !)  bushels 
prreater  than  dry  land  yield,  and  the  price  of  wheat  would  have  been 
()7  cents  per  bushel,  to  return  to  the  farmer  thvT  additional  investment 
of  $6.00  per  acre,  only.  The  irrijjate<l  land  yield,  40  bushels,  in  lilOit, 
was  also  the  lowest  in  the  ten-year  i)eriod,  except  that  of  the  follow- 
ing; year.  IftlO,  the  abnormal  conditions  of  which  have  been  referred 
to.  Under  irrifration,  wheat  yield  wa.s  iiifjlier  than  40  bushels  in  9 
years  out  of  10  records,  while  dry  land  yield  was  lower  than  40  in 
8  years  out  of  10 — in  an  average  of  16  bushels  lower. 

At  the  averavre  or  lowest  price  of  wheat  in  the  past  ten  years,  or 
as  the  next  ten  years  may  be  forecast,  the  farmer  would  be  amply 
repaid  for  his  additional  investment,  even  inchidiiifr  the  further  al- 
lowance of  .$l.r)i)  per  acre  per  annum,  for  sinking  fund. 

That   is  considering   the   investment  the  least   remunerative 

farminpr  which  could  be  followed  under  irrigation.     The  prineipal 
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udvnntttKi!  following  upon  iiri»(atioii  lii-N  in  fh,.  .xtfimioii  <.f  «liv»T»ifii<l 
eroppiriK,  >»  the  iitMitiori  of  Iiuiiiiih  to  tin*  wiil.  tlii-  clHvkiiiK  <»('  »«>"l 
drift  and  reduction  of  the  weed  difficulty  mid  fh.'  .'Xti'imion  of  th<- 
hay  and  pasture  area,  all  of  whii-h  will  t.-iid,  from  th.-  strictly  tinaii- 
I'ial  vifw-poiiit,  to  till-  Kti-ady  fiihaiiffiiiiiit  of  tin-  si-.Miritv  hi'liind  tlit- 
bonds,  and,  from  tht  vit-wpoint  of  the  <'oiiiinoiiwfalth.  th«-  f«»tal>lii»h- 
inent  of  a  ntalih-  and  p<>riiian*>nt  agricultural  loiiipiiinitv. 


ADillXISTKATlOX   ASPKCTS 

From  the  prwiMlinK  analysis,  which  it  has  l.c.n  tli-  ctrort  to 
make  on  conservative  lines,  in  all  respects,  the  conclusions  are  that 
there  would  lie  an  assurance  of  water  supply,  that  the  construction 
features,  thou»;li  of  nii  nitude.  are  simple  in  character,  that  the  total 
cost  is  reasonahlc  and  would  be  warranted  by  the  increased  returns 
to  be  secured,  in  short,  that  there  is  no  serious  «ii>fiiieerin|r  or  fliiaii<-ia1 
I)roblem  involved  in  the  enterprise. 

The  total  tinaic-ial  burden  of  !|!,")l.'jr,  prr  acre,  while  relatively 
hifth  in  a  country  in  which  i^ri^'ation  is  still  coinparatively  in  its 
infancy,  wdii Id  not  be  considered  unusual  its  the  price  of  a  first  class 
water  right,  in  I'-jfions  where  irrijration  has  been  practised  for  a 
generation;  for  example  in  such  districts  as  Colorado,  in  v  liidi 
the  range  of  crops  is  similar  to  that  near  Lctlibridge  ^with  the  addi- 
tion j)erhaps  of  garden  and  truck  farming  and  sugar  beets,  and 
the  latter  have  been  raised  in  Southern  Alberta). 

Under  thoroughly  iM)m|)etent  and  efficient  manageiiicnt,  with 
ihe  irrigable  land  farmed  hii  irrit/atiun  with  ordinary  skill  and  dil- 
igence but  continuously  after  water  is  available  for  ai)plicati(ni  to  the 
land,  the  project  can  be  curried  to  sucees.s;  to  the  discharge  of  the 
financial  obligation  ;  to  the  pndit  of  the  landowner;  and  to  the  bene- 
fit of  the  general  community  and  the  advancement  (d"  agricultiiii-  in 
the  Province.  Hut  the  recpiisite  comi)etence  and  efficiency  nnist  be 
continuously  applied  from  the  heginning  of  construction  to  the  final 
discharge  of  the  bonded  indehfedness. 

The  real  jiroblem  is  the  administrative  problem. 

It  is  an  axiom  in  irrigation  that  with  a  sufficient  water  sujiply 
iMtclligcntly  applied  to  suitable  soil  there  is  profit  to  the  landowner, 
irrespective  of  the  fortune,  good  or  bad,  of  the  intermediate  agency 
eft'ecting  the  union  of  water  and  land. 

The  "irrigation  district"  method,  in  effect,  seeks  to  place  the 
burden  directly  on  the  element  certain  of  profit, — the  land  and  its 
owner.  That  i)rocess  entails  consideration  of  the  ability  of  the  land- 
owner to  secure  the  benefit  and  profit  inherent  in  the  undertaking. 

It  may  seem  trifling  to  suggest  that  the  occasional  success  attend- 
ing "dry"  fjsniiing  in  thi«  district  may  militate  against  the  future 
administration  of  this  irrigation  enterprise.  It  will  be  conceded,  liow- 
ever,  that  if  this  enterprise  is  started  at  all.  it  must  be  started  on  clear 
recognition  of  all  its  problems,  and  upon  the  provision  of  the  surest 
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iiiiMiiiM  HH  fur  Hx  liiiiiiuii  fiiri-sitrht  nui  iiroviilc  tn  Httuiii  tli*'  Hiii*c<>MNfiil 
n-Niilt,  not  uloiif  ill  tlif  iiit<r<'Ht  <»f  tin-  i-iittM-priw  itHt-lf,  Imt  of  nil 
ttiHt  iiiiiy  (lt>|H-ii(i  upon  itN  oiitcoiiiL'. 

'I'lit-rt'  In  a  ilun|jr<'i'  fliiit,  I'lillowinir  intoii  one  or  more  "Iui'mimt" 
•Tops  from  luitiiral  coiiilitions,  <iiii'li  iis  won-  Ht>ciirf<l  in  1!M  •  ami 
l!M»i.  thf  IhimIowiht  iiiav  liffoim-  wt-ary  of  tin*  Imnlfii  ciitaili-il  in 
ill)'  maintcnanc)-  of  tlir  artilicial  nifaiiH  t>mp|o><><l  at  roiisiilcral)!)' 
outlay,  to  assni-f  j-oiitinuHiiff  of  sm-li  "fat"  vi  nrs. 

Ami,  from  tin-  comtiHinity  wlii<li  Iuim  s<'ttlt'il  upon  tlicM'  !t7,"):il 
acri's,  in  tin-  hope  of  olitainiii):  a  ,  rofitablc  livelihood  umlt-r  tln-s.- 
natural  "dry"  fariiiinjf  innditioiis,  uffcfti-d  as  tlifv  must  liavi-  l»'cn 
li\'  fill'  vicissitudfs  and  prt-carions  cliarm-tt-r  of  tli<'Hc  coiiditioiiH,  must 
come  till-  li-adtTN  wlio  shall  fare  for  the  fxpcnditurc  (d"  lainc  sums  of 
inom'\ ,  in  works  of  a  character  and  inairnitudc  to  which  they  have  Im-cii 
unaccustomed,  ami  who  shall  continue,  not  iiiily  to  conduct  alTairs 
so  HH  to  insure  the  payment  alike  of  principal  and  interest,  hut,  stead- 
ily, to  jrnide  and  inspire  the  community  to  the  zealous  performance 
of  all  the  ohli^ations  assumed. 

ruder  the  provisions  of  The  Irri^ration  District  Act  of  Alhcrta. 
lfM.">,  the  sole  control  of  the  project,  in  all  respects,  is  in  a  Board  (d' 
Trustees,  elected  liy  the  landowners. 

I'lider  the  e.xi.stiiitr  eirciimstanees  of  this  project,  as  liriefly  stated 
uhove,  with  a  Hoard  of  Trustees,  composed  of  men,  earnest  in  effort 
to  improve  the  africultural  condition  of  a  ^'reat  area  and  to  hetter 
their  own  position,  hut  unfamiliar  with  liandlinn  larire  sums  af 
iponey.  with  lartre  construction  or  with  irrijTHtion  conditions,  and,  on 
t  •  other  hand,  with  the  Canndian  financial  world  (reneriill.N'  un- 
familiar with  irrijration  investments,  as  a  whole,  and  with  siidi  under 
district  manai.'ement  in  particular,  it  is  certainly  douhtful.  if  not 
impossihle,  that  the  Lethliridjre  Xorthern  Irrifration  District  could 
he  financed  solely  u|)on  its  own  merits,  t'nfntinp;  these  to  he  excellent 
and  the  Hoard  of  Trustees  to  he  the  best  ohtainahle.  in  all  respects. 
If  it  was  possible  to  so  finance  it,  it  would  undouhtedly  he  on  such 
discount  terms  that  miju'ht  imperil  the  prosix'i'l  of  success,  or  subject 
the  undertakintr  to  heavy  handicap,  an  experience  not  unusual  in 
pioneer  efforts  in  any  line  of  endeavor. 

To  these  factors  adversely  influencing'  the  |)rospects  of  financin<r 
the  enterprise,  as  an  "Irrifration  District"  project,  exclusively,  the 
l)revailinp  attitude  of  the  financial  world  in  the  United  States,  at  the 
present  time,  towards  all  irrijration  securities,  and  to  "  Irri<ratioii 
District"  securities  |)articularly,  would  undoubtedly  contribute  a 
further  and  jxiwerful  effect. 

Followinjr  the  enactment,  during:  the  pasr  fifteen  years,  of  "  Ir- 
ri(?ation  District"  Acts  in  various  Western  States,  a  "boom"  in 
irrigation  development  occurred,  during  which  many  such  enter- 
prises, invulving  large  investments  in  some  inslances,  were  promoted. 
Generally,  there  was  a  lack  of  regard  or  consideration  of  the  essential 
requirement  of  the  various  elements  contributing,  even,  to  a  chance 
of  success  in  irrigation.  The  inevitable  collapse  occurred,  entailing 
heavy  losses,  i)articularly  in  projects  that  had  been  extensively  ad- 
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vtrfiw..!,  with  th.-  (•"i>-<,.t,i»,.„P,.  that  all  iin<i.rtMkiii(rN  cmiinv  tm.l.T  l|,.. 
>f.'n.THl  flHMNili.-Hti„n  „f  ••IrritfHti.Mi  Dmfri.t"  Hehcim-H  f.-il  into  .Iih 
ri'piiti'.  from  wl.  rh  .-v.-n  h,.||  ,.oi.Hi,|..r.'.i  pr  >j...!tM  iir.-  now  oiilv  kIowIv 

•'IIUTXIIIK-  ' 

Fnv<-nfiKntioii  of  th.-  v»m.-^  „t  tntUir,-  would  r.-wal  a  vari.fv  of 
roHsons  for  hu'k  of  Hwn'nn.  iliir.-rinjr  in  .hanutfr  with  ih.-  .JiUVrinir 
lo-ahty  and  londition.  from  insnffi.i.tit  WMt.r  snpph    to  Mnwarrant- 

hI)!.-  mst  of >friiftion.  I.iit  all  .•oiitril.iitini{  to  the  c'.-n.-ral  di^r.-pnt." 

of  tht'Sf  Ni'ciiritivfi,  iiifrtly  nx  siuh. 

Ill  the  riri-h'H  iiHiially  (h-pi>nd<'d   upon  to   furnish   tinaiMiiil  siip- 

port,  a  m.ritorioiis  irrigation   pr.,j,..t rtaiiil\    in  a   n.-w  t.rritorv, 

would  wait  lonv  for  m.-n-  .•oiisid.Tati..ii  at  this  tiiii.',  and  w.-n-  .r.'d'it 
.•xt.Mid.'d  at  all,  th.'  terms,  of  .livount,  int.T.-st,  .■t.-.,  w..iild,  nnih.nl.t.-.l- 
ly,  r.'H<'<-t  th.'  K<'iM-ral  nnfavoiiral.l.'  attitude  of  th.>  investor,  and 
woiil.',  as  intiiiiat.'d  in  the  for.-troin./  remark^,  prove  a  h.-avv  hand- 
icap on  tlie  enterprise,  in  its  initial  stajres. 

Provision  for  a  jrnarant.v  hy  the  (iov.Timi.nt  of  th.'  I'rovi ..f 

Alhertn  mtrodiie.'s  the  eonsid.'ratioii  .d'  a  far-reaehinir  p.diev  whiel, 
eompels  thonirhtfiil  d.'lih.'ration  r.-llowinj.'  np..n  full  r.-ali/ati.m  of 
all  that  IS  involved. 

There  are,  in  South. 'rn  All.erfa,  .'Xteiisiv.'  i.r.'as  that  can  I..'  fully 
doveIi)[.e.l  only  hy  irrijration,  hy  th.-  hriinfintr  tojr.-th.'r  i<(  th.'  r.'>ri..n"s 

res(Mirees  in  water  an.l  in  lan.l,  tli.s.-  tw..  nn.l.r  tl nir.,1,  hirjr.'lv, 

of  the  Dominion  and  I'rovineial  (ioveriimeiits. 

The  existintr  ajfitalion  for  th.'  appli.-ation  of  irri>ratioi thods 

to  areas  hitherto  farmed  nn.l.r  "dry'  farminjr,  .v.n  if  mi.Ii  atrit- 
ati.m  he  only  t.-mporary  in  eharaet.'r,  may  he  int.'rpr.'t.'d  as  a  r.'e.)>r- 
nition,  hy  the  settl.'rs  .>n  th.-  lan.l,  of  the  Dre.-arioiis  .-hara.-t.-r  ..f 
a>rrieultiiral  pursuits  iin.h-r  siu-li  eonditioiis.  The  most  siip.-rfieial 
study  of  the  elimatie  .-onditions  of  the  territ.iry,  as,  f..r  instaiie.' 
Tahle  No.  1,  of  rainfall,  slnmld  conviiiee  the  most  hop.-ful  that  th.- 
barren  results  of  the  past  two  years  will  r.-ur.  with  mor.-  or  I.-ss 
regularity,  as  th.-y  hav  in  th.-  past,  an.l  that  th.-  "fat'  v.'ars  ar.'  to.. 
widely  separated,  either  to  provi.h-  .-..mpi-t.-iu-.-  or  to"  .-stahlish  a 
stable  self-.supportinp  community. 

In  the  br.)ad  statt-smaniik.-  vi.-w  of  th.-  d.-velopuieiit  of  tie 
sourees  of  the  Provine.-,  and  the  w.-lfare  and  prosperity  ..f  its  p.-.,,,i, . 
the  Govenim.'iits.  Dominion  and  Provineial,  may  well  realiz.-  this^ 
and  further  realize,  that,  as  has  been  i)oint.-l  out  in  the  pn-e.'.ling 
remarks,  those  eommuniti.-s  by  th.-ms.-lv.s  and  bv  virtu.'  of  the 
exi.stinp  Irrigation  District  Act.  willinjr  as  th.'y  may  be  t<.  h.-ar  the 
financial  burden,  cannot  hop.-  unaided  to  earrv  "out  the  works  without 
serious  financial  handicap,  while,  on  the  other  hand,  thev  mav  not  be 
trained  or  naturally  fitt<>d  t..  effu-iently  and  economicallv  pr.ni.l.'  and 
direct  the  neces.sarv  aeenci<?s. 

On  the  other  hand.  (Jovernmeatal  aid,  if  <rraiited,  must  be  based 
on  the  assurance  of  the  inherent  merits  of  the  particular  project  and 
must  be  set  around      Jth  safeguards,  at  least,  and,  in  th.-  best  int.-rest 
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of  the  commuiiity,  be  siipi)lietl  with  instrumentalities,  that  will  not 
merely  protect  the  financial  assistance  rendered,  but  will  further  the 
work  of  dfvelopment,  aid  the  farmer,  and  insure  the  success  of  every 
effort  to  promote  eominunity  liuildinj;.  The  mere  guarantee  of  the 
bonded  indebtedness  should  not  end.  but  would  rather  be<rin,  the 
(lovernment's  obligation,  which  must  be  continuing  and  helpful,  un- 
til, at  least,  the  indebtedness  has  been  fully  repaid. 

Without  some  form  of  guarantee,  it  is  pi  iiii,  from  v.ha>.  las 
iilready  been  said,  that  full  development  of  the  •(-.••irces  oi'  b'Uth- 
ern  Alberta  cannot  be  secured  or  will  be  ])ostponeii  'iJetirn'oly.  3ueh 
prospect  cannot  be  calmly  contemplated  by  either  Dumii.;  .1  OP  Pro- 
vincial (lovernment. 

If  guarantee  is  given,  there  may  be,  first,  some  consideration 
of  the  relative  extent  or  character  of  the  contribution  to  be  made  by 
each  Government.  It  is  inevitable  that,  with  mutual  interest  in  the 
development,  by  control  of  the  necessary  resources,  water  and  land, 
there  should  be  some  sharing  of  the  financial  burden  of  the  guarantee, 
in  what  form   or  to  what  extent   it  is  beyond  the   province  of  the 


It  is  clear,  however,  in  the  particular  case  under  consideration, 
that  this  District,  even  with  the  guarantee  of  the  Government  of 
Alberta,  cannot  secure  the  financial  requiremchts  without  an  impair- 
ment which  the  aid  of  the  Dominion  (iovenuucnt  might  obviate.  If 
that  view  is  correct,  and  if  it  is  within  the  power  and  the  disposition 
of  the  Dominion  (iovcrnment  to  iiarticipate  in  the  development  to 
such  extent,  it  would  be  regrettable  if  any  minor  considerations,  from 
any  source,  should  be  j)ermitted  to  interfere  with  thus  providing,  in 
practical  form,  a  material  aid  to  progress,  an  aid  that  might  take  the 
form,  jji'imarily,  of  avoiding  any  discount  of  required  capital,  of  re- 
ducing interest  charges,  and  of  providing  means  for  more  ready  repay- 
ment of  the  indebtedness  incurred. 


With  guarantee  granted  by  either  or  both  of  the  Governments, 
a  Board,  or  Commission,  must  be  created  to  sapcrvise  the  affairs  of 
the  District,  during  the  period  of  construction  and  the  expenditure 
of  money,  at  least,  and  its  functions  and  powers  may  wisely  l)e  ex- 
tended beyond  that  i)eriod.  Such  Hoard  would,  most  naturally,  be 
■  Branch  of  the  Ministry  of  Public  Works,  and,  in  view  of  the  in- 
evitable extension  of  its  sphere  of  operations,  not  confined  solely 
to  the  construction  of  works  but  to  the  broad  field  of  irrigation  pos- 
sibilities within  the  Province,  should  be  of  continuing  character  and 
be  composed  of  men  chosen  for  their  special  fitness  for  the  particular 
class  of  work  in  contemplation. 

It  sho\dd  be  small  enough  to  avoid  unwieldiness,  the  selection  of 
its  members  should  be,  wholly,  in  the  Government,  or  Governments, 
and  there  should  be,  at  least,  three  special  t.vpes  of  men  on  the  Board, 
apirt  from  the  question  of  total  number,  an  engineer,  with  knowledge 
of  irrigation,  and,  quite  as  important,  knowledge  of  affairs  and  of 
men,  and  of  broad  training  and  experience,  a  hii.sinessniun,  and  an 
agriculturiyf,  preferably  an  agricUltitral  engineer,  also  with  exper- 
ience in  irrigation. 
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The  finiftion  of  Nuch  Board  would  be  to  conduct  tlic  attairs  of  tlic 
District,  certainly  during  the  period  of  construction,  in  all  its  rela- 
tions, including  the  location  and  desifrn  ot  the  works,  the  award  of 
contracts,  and  ^'cneral  sui)ervision.  That  implies  the  control  of  the 
engineering  forces  and  all  that  affects  the  prosecution  of  the  work. 

The  Board  of  Trustees  of  the  District  would  thus  he  shorn  of 
some  of  the  powers  conve.ved  to  it  under  the  provisions  of  The  Irri"a- 
tion  District  Act  of  1915.  Under  the  circumstances,  however.  The 
arrangement  is  not  unusual ;  a  -iiarantor  fre(iuentlv  makes  su.-h 
stipulation  for  the  carrving-out  of  the  work  under  similar  conditions 
and,  in  all  probahilit.v.  the  IJoard  of  Trustc.s  of  such  Irrigation  Dis- 
tricts as  are  contemplated  by  the  Act.  would  welcome  an  oi)portunity 
to  divest  itself  of  the  grave  responsibilities  incurred  in  its  task. 

The  abolition  of  the  Board  of  Trustees  j.;  not  contemplated,  its 
continued  existence  is  essential,  not  only  for  the  representation  of 
the  landowner  in  the  management  of  the  community's  affairs,  but  for 
the  sense  of  responsibility  which  must  be  imposed  upon  the  individual 
ownei-s  behind  the  securit.v. 

There  would  be  ample  scope  for  the  activities  of  l)otli  Boards. 

Without  entering  int(.  detail  at  this  time,  it  mav  be  s\iggested 
that  upon  the  Board  of  Trustees  there  would  fall,  from  the  inception 
of  the  work,  important  and  responsible,  if  less  onerous,  tasks,  as  the 
securing  of  rigiits  of  way.  the  arrangement  of  land  assessments,  and, 
later  on,  the  distribution  of  water,  the  collection  of  taxes  or  assess- 
luents,  the  guidance  of  the  water-user  and  the  missionarv  work  nec- 
essary to  realization  by  the  landowner  of  the  obligations  assumed 
and  the  task  incumbent  on  each  individual  »o  work  out  success  for 
himself  and   for  the   enterprise. 

The  two  Boards,  necessarily,  must  be  harmonious  and  co-oper- 
ative. There  is  entailed  the  clear  definition  of  the  powers  conveved  to 
each  to  avoid  duplication  and  eliminate  possible  friction. 

And  the  necessary  arrangements  will  be  made  in  full  recognition 
of  the  fact,  that,  accompanying  a  Government  guarantee,  there  must 
be  Government  supervision  and  control,  continued  only  until  such 
time  as  the  District  has  shown,  beyond  doubt,  its  ability  to  administer 
the  investment  for  which  its  individual  members  have  become  res- 
ponsible. By  such  time,  the  Government,  or  Covernments,  will  have 
clearly  realized  that  the  scope  of  possible  development  has  materiallv 
widened,  ami  will  then  recognize,  what  should  be  clear  from  the  begin- 
ning, that  the  Superior  Board  must  be  continuing,  and  not  contined  in 
its  composition,  either  in  individual  element  or  general  scope,  to  any 
one  enterprise. 

Into  the  details  of  the  necessary  recasting  of  The  Irrigation  Act 
Itself,  to  conform  with  these  general  suggestions,  if  they  meet  with  ac- 
ceptance and  the  broad  policy  is  adopted,  it  may  not  be  appropriate  to 
enter  here;  but,  if  desired,  it  may  form  the  subject  for  further  com- 
ment. 

While  the  general  conclusions  have  been  presented  in  the  pro- 
gress of  this  report,  in  which  I  have  endeavored  neither  to  magnify  the 
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possibilities,  nor  miuimiziuj?  the  difficulties  attaching  to  what  con- 
stitutes chiefly,  a  new  departure  in  Governmental  policy,  it  will  be 
well  to  summarize  these  conclusions: 

(a)  That  the  territory  embraced  in  lie  Lcthbridge  Northern 
Irrigation  District,  97,531  acres,  needs  the  application  of 
irrigation  for  its  full  development. 

(b)  That  there  is  an  assurance  of  adequate  water  supply  and  that 
the  caiial  system,'as  designed,  is  adeiiuate  for  the  irrigation 
requirements. 

(c)  "^  at  the  incorporation  of  the  Keho  Reservoir,  as  an  adjunct 
to  the  sy.stem,  is  recommended  as  part  of  the  original  work. 

(d)  That  the  lands  are  well  adapted  for  successful  cultivation 
by  irrigation. 

(e)  That  the  total  cost  of  the  necessary  canal  system  is  estimated 
at  $3,911,176,  at  the  rate  of  $40.12  per  acre. 

(/)  That  the  total  cost  of  maintenance  and  operation  is  estim- 
ated at  $171,800  annually,  at  the  rate  of  $1.76  per  acre. 

(g)  That,  in  order  to  cover  discount  on  bonds,  interest  during 
construction,  interest  and  maintenance  and  operation  charges 
for  one  year  after  completion  of  construction,  and  working 
capital,  a  bonded  indebtedness  of  $5,000,000,  30  years,  at 
6  per  cent,  interest,  must  be  provided,  rcprfstnting  $51.26 
per  acre.  A  sinking  fund,  to  retire  bonds,  to  be  created  dur- 
ing the  last  20  years. 

(h)  That  financial  burden  represents — 

For  interest $3.07  per  acre  per  annum 

For  maintenance 

and  operation    $1.76  per  acre  per  annum 


(0 


$4.83  per  acre  nnum 

and  sinking  fund. 

in   last   20  years — $1.55  per  acre  .mum  additional 

That,  with  necessary  charges  for  ditching  and  irrigation 
added,  the  extra  burden,  over  natural  farming  expenses, 
will  be  $6.00  per  acre  per  annum  in  the  first  10  years,  and 
that  the  additional  returns  secured  will  warrant  that  added 
operating  cost. 

(j)  That,  upon  its  own  foundation,  it  is  considered  doubtful,  if 
not  impossible,  for  the  Lethbridge  Northern  Irrigation  Dis- 
trict to  finance  it.self,  or  to  do  so  only  by  serious  impairment 
of  the  necessary  capital. 

(h)  That  a  Government  guarantee  shoiila  be  accompanied  by 
the  creation  of  a  Board,  or  Commission,  as  a  Branch  of  the 
Ministry  of  Public  Works,  with  broad  powers,  in  view  of 
the  probable  extension  of  irrigation  development  in  the 
Province,  and  that  the  Irrigation  District  Act  of  1915  will 
require  recasting,  should  such  policj'  be  adopted. 

All  of  which  is  respectfully  submitted  bj- 


George  G.  Anderson, 

Consulting  Engineer. 

Member,  Engineering  Institute  ot  Canada. 
Member,  Institution  of  Civil  Engineers. 
Member,  American  Society  of  Civil  Engineers. 
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1904 
ins. 

May    2.8fi 

June   ].80 

July    0.96 

August 1.19 

September    0.52 

Total 7.33 


Al'l'KXDIX 

ring  the 

cropping  scasoi 

1905 

1909 

I'JIO 

I'JIT 

191,S 

1919 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

1.33 

4.27 

0.79 

0.95 

0.58 

1.75 

2.68 

0.62 

0.53 

1,42 

0.7.'. 

0,56 

1.44 

1.98 

0.09 

1.?- 

0,85 

1.06 

1.99 

0.21 

1.07 

1.37 

1.23 

1,05 

0.80 

0.49 

2.01 

0.72 

1,07 

2.04 

8.04 


7.57 


4.49 


•>.83 


4.4S 
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Distribution  of  Irrigation  Allowance 

inclics 

May    .j  3.) 

June -IIIir-Iir-"IIIir"  5M.8 

July    495 

August    3  04 

September    2  gj 

Total   1^ 


Addition  of  Rainfall  and  Irrigation  Allowance 


May   

June    

July 

August    _^. 
September 

Total  _.. 


May   

June    

July 

August    

September  

Total 


1904 

Rain       Irrig.  Total 

inches    inches  inches 

2.86         3.32         6.1s 


1905 

Rain       Irrig.  Total 

inclies    inches  inches 

1.13         3.32  4.45 


1.80 
0.96 
1.19 
0.52 

5.08 
4.95 
3.04 
1,61 

6.S8 
5.91 
4.23 
2.13 

2,68 
1.44 
1.99 

0.80 

5.08 
4.95 
3,04 
1,61 

7.76 
6.39 
5.03 
2.41 

7.33 

18.00 

25.33 

8.04 

IS.OO 

26.04 

1909 

1910 

Rain 
inches 

Irrig. 
inches 

Total 
inches 

Rani 
inches 

Irrig. 
inches 

Total 
inches 

4.27 
0.62 
1.98 
0.21 
0.49 

3.32 
5.08 
4,95 
3.04 
1.61 

7.59 
5.70 
6.93 
3.25 
2.10 

0.79 
0.53 
0.09 
1.07 
2.01 

3.32 
5.08 
4.95 
3.04 
1.61 

4.11 
5.61 
5.04 
4.11 
3.62 

7.57 

18.00 

25.57 

4.49 

18.00 

22.49 

May   

June    

July 

August    _, 
Scptemhov 

Total— 


1917 

1918 

Rain 
inches 

Irrig. 
inches 

Total 
inches 

Rain 
inches 

Irrig. 
inches 

Total 
inches 

0.95 
1.42 
1.37 
1.37 

r.  72 

3.32 
5.08 
4.95 
3.04 
1.61 

4.27 
6.50 
6.32 
4.41 
233 

0.58 
0.75 
0.85 
1.23 
1.07 

3.32 
5.08 
4.95 
3.04 
1.61 

3.90 
5.83 
5.80 
4.27 

2.6S 

5.83 

18.00 

28.83 

4.48 

18.00 

22.48 
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Addition  of  Kainfull  and   li' .Kution  Allowain-p  ^Continued. 

1919 


May 

June 

July    

AURUSt 

September 
Total-- 


Kain 

Irrig. 

Total 

lU'hes 

inchOs 

inches 

1.7:. 

3.32 

5.07 

0.56 

5.0s 

5.64 

1.06 

4.95 

6.01 

1.05 

3.04 

4.09 

2.04 

1.61 

3.65 

6.46 

IS.OO 

24.46 

Comparison  of  Rainfall  plus  Irrigation  Allowanc3  with  Rainfall  of  1916 
during  cropping  season. 


Rainfall 

only 

1904 

1905 

1909 

1910 

1917 

1918 

1919 

1916 

May 

6.18 

4.45 

7.59 

4.11 

4.27 

3.90 

5.07 

3.77 

June    ... 

6.88 

7.76 

5.70 

5.61 

6.50 

5.83 

5.64 

3.54 

July    -- 

5.91 

6.39 

6.93 

5.04 

6.32 

5.80 

6.01 

3.33 

Aug'ist    - 

4.23 

5.03 

3.25 

4.11 

4.41 

4.27 

4.09 

2.97 

Sept    .-_ 

2.13 

2.41 

2.10 

3.62 

2.33 

2.68 

3.65 

4.66 

Total- 

25.33 

26.04 

..  '■=■: := 

25.57 

22.49 

23.83 

22.48 

24.46 

18.27 

Notes  oil  Tal)li's  6,  7.  S  and  9. 

A|)i)lyiii<jr  till'  canal  loss  of  l{-t  i)cr  cent  to  llic  irnti  r  ilirfrtid  from 
the  stream,  i.e.,  800  second  feet,  as  the  upper  secti<in  of  the  canal 
would  be  additionally  larjre  to  deliver  that  mt  (juantity  lielo'.v  the 
sil)hon  crossin<r,  the  delivery  results  woidd  he  slijrhtly  different. 

In  averajre  years,  there  would  lie  SOO  second  fed  tlowiufr  contin- 
uously for  I'l:?  days,  a  total  of  1^44,800  acre  feet,  less  canal  loss  'U 
per  cent,  of  that  anioun*,  8:i,2li2  acre  feet,  leavinjjr  161,568  acre  feet 
for  a  total  recpiireiiu'iit  of  146,2!t6  aero  feet — 1*7, .').'!!  acres  at  1,5  acre 
feet.  There  would  thus  he  a  surplus  of  ir),272  acre  feet,  throughout 
the  season. 

In  years  of  niininuiin  flow  there  would  l)e — 

800      second  feet  for  76  days  —  1st  and  2nd  period  121,600  ac.  ft. 

584      second  feet  for  36  days   —  3rd    period    42,048  ac.  ft. 

32U.6  second  feet  for  41  days   —   4th    period    26.289  ac.  ft. 

189,937  ac.  ft. 
Less  canal  loss  34  per  cent 64,578  ac.  ft. 

125,359  ac.  ft. 


Against  a  total  re(|uirenient  of  146,296  acre  feet,  a  shorta<re  of 
20,!t:{7  acre  feet  wliich  would  liave  to  he  drawn  from  the  reservoir, 
whicli  woidd  he  fidl  at  the  heyrinniiifr  of  the  season  and,  from  with- 
drawals and  losses,  and  the  fact  that  in  the  first  two  i)eriods  some 
excess  ill  canal  delivery  would  not  be  available  for  stora<?e  iu  the 
reservoir,  already  full,  reduced  possih!.\-  as  low  is  6.000  acre  feet  at 
the  etui  of  the  season.  And,  afraiii,  even  witii  il>e  small  amount  in 
storagre  at  the  close  of  September,  it  could  be  filltn;  io  capacity  prior  to 
the  next  season's  lieavy  draft. 
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